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Manual versions

This manual describes the current software version. If you find an error in the manual or a
problem in the software, please inform us and we will try to assist you as soon as possible.
Contact us for further information on topics or functions that are not yet documented.

As of version 3.00 the history has been reset. Older history entries can be found in older versions
of this document.

Print date: July 15, 2026

Software Date By Description

Added section Atmel / Microchip high-speed driver.
3.72.0 2026-07-13 | RH | Function USBD_Set OnRXxEPO() repleced by USBD_Set OnRxEPOHook( ) .
Improved sections USB suspend and USB disconnect.

Added function USBD_BULK_ReadRecor d() .
Added function USB_DRI VER | nfi neon_PSOCE84_DMA_Set PLLRef Cl ock() .

3.68.0 2025-08-28 | RH | Update to latest software version.

3.70.0 2025-11-24 | RH

3.66.3 2025-03-24 | RH | Added function USBD_MTP_Set Wi t eProt ecti onCh() .

3.66.0 2024-10-02 | RH | Added section PSOCES84 driver.

3.64.5 2024-09-11 | RH | Add write protection for MTP storage: USB_MIP_|I NST_DATA DRI VER

3.64.3 2024-06-07 | RH | Update to latest software version.

3.64.2 2024-05-16 | RH | Update to latest software version.

3.64.1 2024-04-09 | RH | Updated section PSoC6 driver.

Updated section Compile-time configuration.
Added section C++ Host API.

3.62.0 2023-11-21 | RH | Update to latest software version.

3.64.0 2024-02-13 | RH

3.60.4 2023-10-18 | RH | Update to latest software version.

3.60.2 2023-07-10 | YR | Update to latest software version.

3.60.1 2023-06-30 | RH | Update to latest software version.

Link Power Management (LPM)
¢ Added function USBD_Set LPMResponse() .

MTP class:
e Added function USBD_MTP_Set Oper ati onCb() .

Link Power Management (LPM)

e Added function USBD_Get Devi ceSt at e() .

¢ Added function USBD_Set BESLVal ues() .

¢ Added function USBD_Set OnLPMChange() .
MTP class:

¢ Added function USBD_MIP_RenpveSt or age() .

3.60.0 2023-04-12 | RH

3.58.0 2023-02-28 | YR

3.56.0 2023-01-12 | RH

3.54.0 2022-12-07 | RH | Update to latest software version.

Added functions USB_DRI VER _Cypress_PSoC6_SysTi ck() and
USB_DRI VER Cypress_PSoC6_Resune() .

3.52.1 2022-08-24 | SR | Updated section PSoC6 driver.

3.52.2 2022-10-25 | RH

Added section Link Power Management (LPM).
3.52.0 2022-08-15 | RH | HID class:
¢ Added functions USBD_HI D_Recei ve() and USBD_HI D_Recei vePol | ().

3.50.2 2022-06-23 | RH | Updated section Giga Device GD32F4xx driver (high-speed controller).

3.50.1 2022-06-01 | RH | Updated section Giga Device GD32F4xx driver (full-speed controller).

BULK and VSC class

e Update section Example Application.
3.50.0 2022-05-13 | RH | Communication Device Class (CDC)

e Updated driver requirements for Host system
Updated section Synopsys DWC2 driver (DMA mode)

Core functions:
¢ Added function USBD_Set OnSOF() .
Getting Started:
e Wrong path to emUSB-Device was used (USBD instead of USB).

3.46.4 2022-03-14 | SR
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3.46.3

2022-02-22

YR

MTP class:
e Added function USBD_MIP_Set Chj ect Al | ocFai | Cb() .

3.46.0

2021-10-15

RH

Added section Low power mode.

3.44.0

2021-09-17

RH

Added description for USB_ON_CLASS REQUEST and USB_ON_SETUP.

3.42.1

2021-07-29

RH

Added section Giga Device GD32F450 driver.

3.42.0

2021-07-12

RH

HID class:
e Added function USBD_HI D_AddEx() .

3.40.0

2021-03-31

RH

Add new chapter Vendor Specific Class (VSC).

3.38.0

2021-01-29

RH

DFU class:

¢ Added function USBD_DFU_AddAl ternat el nterface().
Printer class:

¢ Added function USB_PRI NTER_Set Cl ass() .

3.36.3

2020-12-18

YR

Update to latest software version.

3.36.2

2020-12-15

RH

BULK class:
¢ Added function USBD_BULK_Pol | For TX() .
CDC class:
¢ Added functions USBD_CDC_Pol | For RX(), USBD_CDC_Pol | For TX() and
USBD_CDC_Recei vePol | ().
Added new section Timeout handling
Update to latest software version.

3.36.1

2020-10-30

YR

Update to latest software version.

3.36.0

2020-10-12

YR

Audio class:
e Updated API with new function and structure names.
Update to latest software version.

3.34.3

2020-08-25

YR

Update to latest software version.

3.34.2

2020-07-23

YR

Update to latest software version.

3.34.1

2020-06-10

RH

Added section Synopsys DWC2 driver (DMA mode)

3.34.0

2020-03-20

RH

BULK class:
e Added function USBD_BULK_AddAl t er nat el nt er f ace() .

3.32.0

2020-02-26

RH

Added CCID chapter.

3.30.0

2020-01-27

YR

Added MIDI chapter.

3.28.1

2019-12-13

YR

Update to latest software version.
HID class: Added USBHI D _Read() and USBHI D Wi te() functions.

3.28.0

2019-11-29

YR

Printer class:
¢ Added function USB_PRI NTER_Set OnVendor Request () .

3.26

2019-08-30

RH

USB Core:

e Added function USBD_Get Ver si on() .

¢ Added function USBD_Set CheckAddr ess() .
UVC class:

e Added function USBD_UVC Wit eEx() .

3.24

2019-07-01

RH

Added chapter USB Device Firmware Upgrade (DFU)

3.22

2019-06-17

RH

BULK class:
e Added function USBD _BULK Pol | For RX() .
e Added function USBD_BULK Recei vePol | ().
USB Core:
e Added function USBD Wi t For EndOf Tr ansf er Ex() .
¢ Added function USBD_Recei vePol | ().
e Added function USBD_Enabl eSuper Speed() .
¢ Added function USBD_Set WebUSBI nf o() .
MSD class:
¢ Added function USBD_MSD Pol | () .
Add section XHCI driver
Add chapter USB Video device Class (UVC)

3.20

2019-05-15

YR

Update to latest software version.

SmartMSD was renamed to VirtualMSD. Function prefixes changed from "SMSD” to
“VMSD".

HID class: Added USBD_HI D _ReadReport () function.

3.18b

2019-03-04

YR

Update to latest software version.
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Update to latest software version.
Bulk Host API:
e Removed USBBULK_Reset Pi pe()
e Added USBBULK_Reset | NPi pe()
e Added USBBULK_Reset QUTPi pe()
e USBBULK_DEV_I NFOreceived an additional member - “Speed”

3.18a 2019-02-28 | YR

3.18 2018-11-26 | RH | Update to latest software version.

Update to latest software version.
3.16 2018-10-05 | YR | MTP class:
e USBD MTP_SendEvent () description updated.

Added section Device driver specifics on page 741
BULK class:
3.14 2018-07-19 | RH e Added functions USBD_BULK_ReadAsync() and USBD_BULK Wit eAsync().
CDC class:
¢ Added functions USBD_CDC_ReadAsync() and USBD_CDC Wit eAsync().

USB Core:

¢ Added function USBD_RenpveOnEvent () .

e Removed functions USBD_Set LogFunc() and USBD_Set War nFunc() .
Audio class:

e Added function USBD_AUDI O _Read_Task() .

e Added function USBD_AUDI O Wite_Task().

3.12 2018-05-04 | RH

BULK class:

¢ Added function USBD_BULK_Add_Ex() .
Update to latest software version.
Added Audio chapter.

3.10 2018-03-22 | RH

USB Core:
3.08 2018-02-12 | RH ¢ Added function USBD_Regi st er SCHook( ) .
¢ Added function USBD_AddEPEX() .

3.06e 2018-01-12 | RH | Update to latest software version.

3.06d 2017-12-19 | YR | Update to latest software version.

USB Core:

3.06¢c 2017-12-04 | RH e Added I/0 functions.

Update to latest software version.

3.06b | 2017-10-13 | YR | crrected USBD Wi t eEPOFT o SR name (was USB__ W i t éEPOFT onl SR).

Printer class:
e Added function USB_PRI NTER_Conf i gl RQPr ocessi ng() .
e Added function USB_PRI NTER _TaskEx() .

USB Core:
e Added USBD_Set CacheConfi g() .

Chapter “Getting started” revised.

3.06 2017-09-15 | RH

Update to latest software version.

3.04 2017-07-24 | YR | pAdded chapter “emUSB-Device-IP”

3.02qg 2017-07-17 | YR | Update to latest software version.

3.02p 2017-07-14 | RH | Update to latest software version.

Chapter Combining USB components:
3.020 2017-07-10 | YR ¢ Added information on the MSD+MTP combination feature.
Added Chapter “Profiling with SystemView”.

Major revision of the manual.

3.020 2017-07-01 | RH e Manual converted to text processor emDoc.

3.02n 2017-06-12 | SR | Update to latest software version.

3.02m 2017-06-08 | RH | Update to latest software version.

3.02I 2017-06-02 | SR | Update to latest software version.

3.02k 2017-04-10 | RH | Function USBD_AddEP() : Parameter 'Interval’ changed.

3.02j 2017-03-01 | RH | Update to latest software version.

3.02i 2017-01-26 | SR | Update to latest software version.

3.02h 2017-01-26 | SR | Update to latest software version.

3.02g 2017-01-23 | SR | Update to latest software version.
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3.02f

2017-01-04

RH

Update to latest software version.

3.02e

2016-12-15

RH

Update to latest software version.

3.02d

2016-11-18

RH

Update to latest software version.

3.02c

2016-11-03

RH

Update to latest software version.

3.02b

2016-10-28

RH

Chapter VirtualMSD:
e Renamed functions according to the emUSB V3 conventions.

3.02a

2016-10-18

RH

Update to latest software version.

3.02

2016-10-07

SR

Chapter CDC:

e Updated Overview - Added Windows 10 Support.

e Updated Installing the driver. Section verification combined with Installing
driver.

e Updated section The .inf file

¢ Added new section: Signing the package

e Testing communication to the USB device updated.

3.02

2016-09-30

RH

Chapter CDC Data structures:
e Removed CTS from USB_CDC_SERI AL_STATE.
Chapter BULK communication:
e Removed description of the Segger USB driver(not necessary any more)
e BULK host API and sample applications support for Linux and MacOSX added.
e Added new function USBD_BULK_Set MsDescl nf o() .
e Added new function USBBULK_Get Devl nf 0Byl dx() .
e Removed description of deprecated host API functions.
Chapter VirtualMSD:
e Added memory usage calculation.
Many minor corrections.

3.00g

2016-08-22

RH

Update to latest software version.
Chapter Target OS Interface:
e New advanced OS layer interface.
Chapter Mass Storage Device Class (MSD):
e Added new function USBD_MsSD_Request Ref resh()

3.00f

2016-07-20

YR

Update to latest software version.
Chapter VirtualMSD:
e Changed function prefix to VMSD.
e Removed obsolete functions.

3.00e

2016-07-08

RH

Update to latest software version.

3.00d

2016-06-08

YR

Update to latest software version.

3.00c

2016-05-23

YR

Update to latest software version.
Chapter Bulk communication:
e Added paragraph “Writing your own host driver”.

3.00b

2016-04-27

YR

Update to latest software version.

3.00a

2016-04-15

SR

Chapter USB Core functions:

e Updated prototype for USBD_Set MaxPower .
Chapter HID:

¢ Added new function for Setting a callback for SET_REPORT.
Chapter Debugging:

e Changed all prototypes from USB_* to USBD_*.

3.00

2016-02-12

YR

Initial Version
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About this document

Assumptions

This document assumes that you already have a solid knowledge of the following:
e The software tools used for building your application (compiler, linker, Integrated Development
Environment).
The C programming language.
The target processor.
How to use this manual
This manual explains all the functions and macros that the product offers. It assumes you have
a working knowledge of the C language.
Typographic conventions for syntax

This manual uses the following typographic conventions:

Style Used for
Body Body text.
Kevwor d Text that you enter at the command prompt or that appears on
y the display (that is system functions, file- or pathnames).
Par anet er Parameters in API functions.
Sanpl e Sample code in program examples.
Sanpl e comrent Comments in program examples.
Reference to chapters, sections, tables and figures or other
Reference
documents.
GUIElement Buttons, dialog boxes, menu names, menu commands.
Emphasis Very important sections.
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Chapter 1

Introduction

This chapter will give a short introduction to emUSB-Device, including the supported USB
classes and components. Host and target requirements are covered as well.
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1.1 Overview

This guide describes how to install, configure and use emUSB-Device. It also explains the
internal structure of emUSB-Device.

emUSB-Device has been designed to work on any embedded system with a USB client
controller. It can be used with USB 1.1, USB 2.0 or USB 3.0 devices.

The highest possible transfer rate on USB 2.0 full-speed (12 Mbit/s) devices is approximately
1.2MB/s. In USB 2.0 high-speed mode (480 MBit/s) transfer rates of approx. 42 MByte/s
could be achieved. USB 3.0 SuperSpeed (5 Gbit/s) is also supported.

It depends on the capabilities of the USB controller hardware which USB version and actual
speed can be used on an embedded system.
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1.2 emUSB-Device features

Key features of emUSB-Device are:

High performance

Can be used with or without an RTOS

Easy to use

Easy to port

No custom USB host driver necessary

Start / test application supplied

Highly efficient, portable, and commented ANSI C source code

Hardware abstraction layer allows rapid addition of support for new devices
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1.3 emUSB-Device components

emUSB-Device consists of three layers: A driver for hardware access, the emUSB-Device
core and at least a USB class driver or the bulk communication component.

The different available hardware drivers, the USB class drivers, and the bulk communication
component are additional packages, which can be combined and ordered as they fit to the
requirements of your project. Normally, emUSB-Device consists of a driver that fits to the
used hardware, the emUSB-Device core and at least one of the USB class drivers.

Component Description
USB protocol layer
Bulk / Vendor emUSB-Device vendor component.
MSD emUSB-Device Mass Storage Device class component.
IP-over-USB emUSB-Device IP-over-USB component.
VirtualMSD emUSB-Device VirtualMSD Component
CDC-ACM emUSB-Device Communication Device Class component.
HID emUSB-Device Human Interface Device Class component.
MTP emUSB-Device Media Transfer Protocol component.
Printer emUSB-Device Printer Class component.
RNDIS emUSB-Device RNDIS component.
CDC-ECM emUSB-Device CDC Ethernet Control Model component.
CDC-NCM emUSB-Device CDC Network Control Model component.
uvC emUSB-Device USB video class.
Audio emUSB-Device USB audio class.
DFU emUSB-Device Device Firmware Upgrade class.
MIDI emUSB-Device Musical Instrument Digital Interface class.
CCID emUSB-Device Smart Card Interface Device class.
Core layer
emUSB-Device-Core ‘ The emUSB-Device core is the intrinsic USB stack.
Hardware layer
Driver ‘ USB controller driver.

1.3.1 emUSB-Device-Bulk

emUSB-Device-Bulk allows you to quickly and smoothly develop software for an embedded
device that communicates with a PC via USB. The communication is like a single, high-
speed, reliable channel (very similar to a TCP connection). This bidirectional channel, with
built-in flow control, allows the PC to send data to the embedded target, the embedded
target to receive these bytes and reply with any number of bytes. The PC is the USB host,
the target is the USB client.

1.3.2 emUSB-Device-MSD

1.3.2.1 Purpose of emUSB-Device-MSD

Access the target device like an ordinary disk drive

emUSB-Device-MSD enables the use of an embedded target device as a USB mass storage
device. The target device can be simply plugged-in and used like an ordinary disk drive,
without the need to develop a driver for the host operating system. This is possible
because the mass storage class is one of the standard device classes, defined by the
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USB Implementers Forum (USB IF). Virtually every major operating system on the market
supports these device classes out of the box.

No custom host drivers necessary

Every major OS already provides host drivers for USB mass storage devices, there is no
need to implement your own. The target device will be recognized as a mass storage device
and can be accessed directly.

Plug and Play

Assuming the target system is a digital camera using emUSB-Device-MSD, videos or photos
taken by this camera can be conveniently accessed with the file system explorer of the used
operating system when the camera is connected to the computer.

1.3.2.2 Typical applications

Typical applications are:

Digital camera
USB stick

MP3 Player
DVD player

Any target with USB interface: easy access to configuration and data files

1.3.2.3 emUSB-Device-MSD features

Key features of emUSB-Device-MSD are:

e Can be used with RAM, parallel flash, serial flash or mechanical drives
e Support for full-speed (12 Mbit/s) and high-speed (480 Mbit/s) transfer rates
e (OS-abstraction: Can be used with any RTOS, but no OS is required for MSD-only devices

1.3.2.4 How does it work?

Use file system support from host OS

A device which uses emUSB-Device-MSD will be recognized as a mass storage device and
can be used like an ordinary disk drive. If the device is unformatted when plugged-in, the
host operating system will ask you to format the device. Any file system provided by the
host can be used. Typically FAT is used, but other file systems such as NTFS are possible,
too. If one of those file systems is used, the host is able to read from and write to the
device using the storage functions of the emUSB-Device MSD component, which define
unstructured read and write operations. Thus, there is no need to develop extra file system
code if the application only accesses data on the target from the host side. This is typically
the case for simple storage applications, such as USB memory sticks or ATA to USB bridges.

Provide file system code on the target if necessary

There are basically two types of MSD devices, one is where the devices does not need
to access the storage (e.g. USB stick, external HDD). The other type is where the device
needs to write data onto the storage medium before it is accessed from a PC (e.g. data
logger) or read data from it after it has been written onto the storage medium by a PC
(e.g. a mp3 player or a device which reads configuration files from the storage). If you are
using emUSB-Device-MSD you are most likely writing software for the former device type.
emUSB-Device-MSD does not offer file-level access to the storage medium, you need a file
system to access the storage. complex and time-consuming task and increases the time-to
market. Thus we recommend the use of a commercial file system like emFile, SEGGER'’s file
system for embedded applications. emfFile is a high performance library that is optimized for
minimum memory consumption in RAM and ROM, high-speed and versatility. It is written
in ANSI C and runs on any CPU and on any media. Refer to https://www.segger.com/emfile
for more information about emFile.
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1.3.3 emUSB-Device IP-over-USB

emUSB-Device IP-over-USB allows to run any IP-based protocol over USB. This component
combines the advantages of RNDIS and CDC-ECM and allows plug-and-play on any major
host operating system. Using the IP-over-USB technology in combination with a built in web
server, the device can easily be accessed from any host (Windows, Linux, Mac) by simply
typing the device name into the web browser.

1.3.3.1 Typical applications

Typical applications are:

Headphones

Printer

Data logger
Ethernet2USB adapter

1.3.4 emUSB-Device-VirtualMSD

The emUSB-Device-VirtualMSD component allows to easily stream files to and from USB
devices. Once the USB device is connected to the host, files can be read or written to the
application without the need for dedicated storage memory.

1.3.4.1 Typical applications

Typical applications are:

e Updating firmware (e.g. Handheld Terminal)
e Updating configuration files

1.3.5 emUSB-Device-CDC

emUSB-Device-CDC converts the target device into a serial communication device. A
target device running emUSB-Device-CDC is recognized by the host as a serial interface
(USB2COM, virtual COM port), without the need to install a special host driver, because the
communication device class is one of the standard device classes and every major operating
system already provides host drivers for those device classes. All PC software using a COM
port will work without modifications with this virtual COM port.

1.3.5.1 Typical applications

Typical applications are:

Modem
Telephone system
Fax machine

1.3.6 emUSB-Device-HID

The Human Interface Device class (HID) is an abstract USB class protocol defined by the
USB Implementers Forum. This protocol was defined for handling devices that humans use
to control the operation of computer systems. An installation of a custom host USB driver
is not necessary because the USB human interface device class is standardized and every
major OS already provides host drivers for it.

1.3.6.1 Typical applications

Typical applications are:

e Keyboard

e Mouse and similar pointing devices

e Gamepad

e Front-panel controls - for example, switches and buttons
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Bar-code reader

Thermometer

Voltmeter

Low-speed JTAG emulator
Uninterruptible power supply (UPS)

1.3.7 emUSB-Device-MTP

The Media Transfer Protocol (MTP) is a USB class protocol which can be used to transfer
files to and from storage devices. MTP is an alternative to MSD as it operates on a file level
rather than on a storage sector level. The advantage of MTP is the ability to access the
storage medium from the host PC and from the device at the same time. Because MTP
works at the file level this also eliminates the risk of damaging the file system when the
communication to the host has been canceled unexpectedly (e.g. the cable was removed).
MTP is supported by most operating systems without the need to install third-party drivers.

1.3.7.1 Typical applications

Typical applications are:

Digital camera
USB stick

MP3 Player
DVD player
Telephone

Any target with USB interface: easy access to configuration and data files.

1.3.8 emUSB-Device-Printer

emUSB-Device-Printer converts the target device into a printing device. A target device
running emUSB-Device-Printer is recognized by the host as a printer. Unless the device
identifies itself as a printer already recognized by the host PC, you must install a driver to
be able to communicate with the USB device.

1.3.8.1 Typical applications

Typical applications are:

e Laser/Inkjet printer
e CNC machine

1.3.9 emUSB-Device-RNDIS

emUSB-Device-RNDIS allows to create a virtual Ethernet adapter through which the host
PC can communicate with the device using the Internet protocol suite (TCP, UDP, FTP, HTTP,
Telnet). This allows the creation of USB based devices which can host a webserver or act as
a telnet terminal or a FTP server. emUSB-Device-RNDIS offer a unique customer experience
and allows to save development and hardware cost by e.g. using a website as a user
interface instead of creating an application for every major OS and by eliminating the
Ethernet hardware components from your device.

1.3.9.1 Typical applications

Typical applications are:

e USB-Webserver
e USB-Terminal (e.g. Telnet)
e USB-FTP-Server
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1.3.10 emUSB-Device-CDC-ECM

emUSB-Device-CDC-ECM allows to create a virtual Ethernet adapter through which the
host PC can communicate with the device using the Internet protocol suite (TCP, UDP, FTP,
HTTP, Telnet). This allows the creation of USB based devices which can host a webserver or
act as a telnet terminal or a FTP server. emUSB-Device-CDC-ECM offer a unique customer
experience and allows to save development and hardware cost by e.g. using a website as
a user interface instead of creating an application for every major OS and by eliminating
the Ethernet hardware components from your device.

1.3.10.1 Typical applications

Typical applications are:

e USB-Webserver
e USB-Terminal (e.g. Telnet)
USB-FTP-Server
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1.4 Requirements

1.4.1 Target system

Hardware

The target system must have a USB controller. The memory requirements can be found in
the chapter Performance & resource usage on page 776. In order to have the control when
the device is enumerated by the host, a switchable attach is necessary. This is a switchable
pull-up connected to the D+ Line of USB.

Software

emUSB-Device is optimized to be used with embOS but works with any other supported
RTOS or without an RTOS in a superloop. For information regarding the OS integration refer
to the chapter Target OS Interface on page 719.

1.4.2 Development environment (compiler)

The CPU used is of no importance; only an ANSI-compliant C compiler complying with at
least one of the following international standard is required:

« ISO/IEC 9899:1999 (C99)
e ISO/IEC 14882:1998 (C++)

A C++ compiler is not required, but can be used. The application program can therefore
also be programmed in C++ if desired.
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1.5 File structure

The following table shows the contents of the emUSB-Device root directory:

Directory Contents
Contains the application programs. Depending on which stack
Application is used, several files are available for each stack. Detailed
information can be found in the corresponding chapter.
BSP Contains example hardware-specific configurations for different
eval boards.
Config Contains configuration files (USB_Conf. h, USB_Confi gl O c).
Doc Contains the emUSB-Device documentation.
I nc Contains include files.
Samol e Contains operating systems dependent files which allows to run
P emUSB-Device with different RTOS's.
SEGGER Contains generic routines from SEGGER.
UsB Contains the emUSB-Device source code.
Contains host specific applications (for Windows, Linux, MacOS)
W ndows which can be used in conjunction with the device application
samples.
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1.6 Multithreading

The emUSB target API is not generally thread safe. But it is allowed to handle different
endpoints in different tasks in parallel. Examples are:

e A task that performs all reads of data from the host while another task sends data to
the host.

e Operating on different interfaces (e.g. a BULK and a CDC interface) in independent
tasks.
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Background information

This is a short introduction to USB. The fundamentals of USB are explained and links to
additional resources are given.

Information provided in this chapter is not required to use the software.
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21 USB

2.1.1 Short Overview

The Universal Serial Bus (USB) is a bus architecture for connecting multiple peripherals to a
host computer. It is an industry standard — maintained by the USB Implementers Forum —
and because of its many advantages it enjoys a huge industry-wide acceptance. Over the
years, a number of USB-capable peripherals appeared on the market, for example printers,
keyboards, mice, digital cameras etc. Among the top benefits of USB are:

e Excellent plug-and-play capabilities allow devices to be added to the host system
without reboots (“hot-plug”). Plugged-in devices are identified by the host and the
appropriate drivers are loaded instantly.

e USB allows easy extensions of host systems without requiring host-internal extension
cards.

e Device bandwidths may range from a few kB/s to hundreds of MB/s.

A wide range of packet sizes and data transfer rates are supported.
USB provides internal error handling. Together with the already mentioned hot-plug
capability this greatly improves robustness.

e The provisions for powering connected devices dispense the need for extra power
supplies for many low power devices.

e Several transfer modes are supported which ensures the wide applicability of USB.

These benefits did not only lead to broad market acceptance, but it also added several
advantages, such as low costs of USB cables and connectors or a wide range of USB
stack implementations. Last but not least, the major operating systems such as Microsoft
Windows, Mac OS X, or Linux provide excellent USB support.

2.1.2 Important USB Standard Versions

USB 1.1 (September 1998)

This standard version supports isochronous and asynchronous data transfers. It has dual
speed data transfer of 1.5 Mbit/s for low-speed and 12 Mbit/s for full-speed devices. The
maximum cable length between host and device is five meters. Up to 500 mA of electric
current may be distributed to low power devices.

USB 2.0 (April 2000)

As all previous USB standards, USB 2.0 is fully forward and backward compatible. Existing
cables and connectors may be reused. A new high-speed transfer speed of 480 Mbit/s (40
times faster than USB 1.1 at full-speed) was added.

USB 3.0 (November 2008)

As all previous USB standards, USB 3.0 is fully forward and backward compatible. Existing
cables and connectors may be reused but the new speed can only be used with new
USB 3.0 cables and devices. The new speed class is named USB Super-Speed, which offers
a maximum rate of 5 Gbit/s.

USB 3.1 (July 2013)

As all previous USB standards, USB 3.1 is fully forward and backward compatible. The new
specification replaces the 3.0 standard and introduces new transfer speeds of up to 10
Gbit/s.
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CHAPTER 2

USB

A USB system is composed of three parts - a host side, a device side and a physical bus.
The physical bus is represented by the USB cable and connects the host and the device.
The USB system architecture is asymmetric. Every single host can be connected to multiple
devices in a tree-like fashion using special hub devices. You can connect up to 127 devices
to a single host, but the count must include the hub devices as well.

A USB host consists of a USB host controller hardware and a layered software stack. This

host stack contains:

e A host controller driver (HCD) which provides the functionality of the host controller

hardware.

e The USB Driver (USBD) Layer which implements the high level functions used by USB
device drivers in terms of the functionality provided by the HCD.
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USB Device

Two types of devices exist: hubs and functions. Hubs provide for additional USB attachment
points. Functions provide capabilities to the host and are able to transmit or receive data
or control information over the USB bus. Every peripheral USB device represents at least
one function but may implement more than one function. A USB printer for instance may
provide file system like access in addition to printing.

In this guide we treat the term USB device as synonymous with functions and will not
consider hubs.

Each USB device contains configuration information which describes its capabilities and
resource requirements. A USB device must be configured by the host before its functions can
be used. When a new device is connected for the first time, the host enumerates it, requests
the configuration from the device, and performs the actual configuration. For example, if
an embedded device uses emUSB-Device-MSD, the embedded device will appear as a USB
mass storage device, and the host OS provides the driver out of the box. In general, there
is no need to develop a custom driver to communicate with target devices that use one
of the USB class protocols.

Descriptors

A device reports its attributes via descriptors. Descriptors are data structures with a
standard defined format. A USB device has one device descriptor which contains information
applicable to the device and all of its configurations. It also contains the number of
configurations the device supports. For each configuration, a configuration descriptor
contains configuration-specific information. The configuration descriptor also contains the
number of interfaces provided by the configuration. An interface groups the endpoints into
logical units. Each interface descriptor contains information about the number of endpoints.
Each endpoint has its own endpoint descriptor which states the endpoint’s address, transfer
types etc.

Device

descriptor

/..n configuration descriptors

Configuration

descriptor
/ 1...m interface descriptors
Interface
descriptor
/ 1...0 endpoint descriptors
Endpoint
descriptor

As can be seen, the descriptors form a tree. The root is the device descriptor with n
configuration descriptors as children, each of which has m interface descriptors which in
turn have o endpoint descriptors each.
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2.1.4 Transfer Types

The USB standard defines four transfer types: control, isochronous, interrupt, and bulk.
Control transfers are used in the setup phase. The application can select one of the other
three transfer types. For most embedded applications, bulk is the best choice because it
allows the highest possible data rates.

Control transfers

Typically used for configuring a device when attached to the host. It may also be used for
other device-specific purposes, including control of other pipes on the device.

Interrupt transfers

Typically used by devices that need guaranteed quick responses (fixed latency).

Bulk transfers

Typically used by devices that generate or consume data in relatively large and bursty
quantities. Bulk transfer has wide dynamic latitude in transmission constraints. It can use
all remaining available bandwidth, but with no guarantees on bandwidth or latency. Because
the USB bus is normally not very busy, there is typically 90% or more of the bandwidth
available for USB transfers.

Isochronous transfers

Typically used for applications which need guaranteed speed. Isochronous transfer offers
a guaranteed bandwidth but with possible data loss. A typical use is for audio data
which requires a constant data rate. Unlike bulk, control or interrupt transfers isochronous
transfers do not receive an “"ACK” from the other side, therefore the sender does not know
whether the data was received by the other side correctly. For applications where constant
data rate is more important than data integrity (audio, video) the potential data loss does
not pose an issue.

2.1.5 Setup phase/Enumeration

The host first needs to get information from the target, before the target can start
communicating with the host. This information is gathered in the initial setup phase. The
information is contained in the descriptors, which are in the configurable section of the
USB-MSD stack. The most important part of target device identification are the Product and
Vendor IDs. During the setup phase, the host also assigns an address to the client. This
part of the setup is called enumeration.

2.1.6 Product/Vendor IDs

The Product and Vendor IDs are necessary to identify the USB device. The Product ID
describes a specific device type and does not need to be unique between different devices of
the same type. USB host systems like Windows use the Product ID/Vendor ID combination
to identify which drivers are needed.

For example: all our J-Link devices have the Vendor ID 0x1366 and Product ID 0x0105.

A Vendor and Product ID is necessary only when development of the product is finished;
during the development phase, the supplied Vendor and Product IDs can be used as
samples. Using the sample Vendor ID (0x8765) or the SEGGER Vendor ID in a finished
product is not allowed.

Possible options to obtain a Vendor ID or Product ID are described in the chapter Vendor
and Product ID on page
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2.2 Predefined device classes

The USB Implementers Forum has defined device classes for different purposes. In general,
every device class defines a protocol for a particular type of application such as a
mass storage device (MSD), human interface device (HID), etc. Device classes provide a
standardized way of communication between host and device and typically work with a
class driver which comes with the host operating system.

Using a predefined device class where applicable minimizes the amount of work to make
a device usable on different host systems.
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2.3 USB hardware analyzers

A variety of USB hardware analyzers are on the market with different capabilities. If you
are developing an application using emUSB-Device it should not be necessary to have a
USB analyzer, but we still recommend you do.
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2.4 References

For additional information see the following documents:

e Universal Serial Bus Specification, Revision 2.0

e Universal Serial Bus Mass Storage Class Specification Overview, Rev 1.2

e UFI command specification: USB Mass Storage Class, UFI Command Specification, Rev
1.0

emUSB-Device User Guide & Reference Manual © 2010-2026 SEGGER Microcontroller GmbH



Chapter 3

Getting started

The first step in getting emUSB-Device up and running is typically to compile it for the
target system and to run it in the target system. This chapter explains how to do this.
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3.1 How to setup your target system

We assume that you are familiar with the tools you have selected for your project (compiler,
project manager, linker, etc.). You should therefore be able to add files, add directories to
the include search path, and so on. In this document the Embedded Studio IDE is used for
all examples and screenshots, but every other ANSI C toolchain can also be used. It is also
possible to use makefiles; in this case, when we say “add to the project”, this translates
into “add to the makefile”.

Procedure to follow

Integration of emUSB-Device is a relatively simple process, which consists of the following
steps:

Take a running project for your target hardware.

Add emUSB-Device files to the project.

Add hardware dependent configuration to the project.
Prepare and run the application.

3.1.1 Take arunning project

The project to start with should include the setup for basic hardware (e.g. CPU, PLL, DDR
SDRAM) and initialization of the RTOS. emUSB-Device is designed to be used with embQOS,
SEGGER’s real-time operating system. We recommend to start with an embQOS sample
project and include emUSB-Device into this project.

3.1.2 Add emUSB-Device files

Add all necessary source files from the USB folder to your project. You may simply add all
files and let the linker drop everything not needed for your configuration. But there are
some source files containing dependencies to emFile or emNet. If you don’t have these
middleware components, remove the respective files from your project.

Add RTOS layer

Additionally add the RTOS interface layer to your project. Choose a file from the folder
Sanpl e/ USB/ CS that matches your RTOS. For embOS use USB_OS _enbQSv5. c. There is also
a file USB_COS_None. ¢ containing a layer to be used for superloop applications without an
RTOS.

Configuring the include path

The include path is the path in which the compiler looks for include files. In cases where
the included files (typically header files, .h) do not reside in the same folder as the C file to
compile, an include path needs to be set. In order to build the project with all added files,
you will need to add the following directories to your include path:

e Config
e |nc
e SEGGER
e USB

3.1.3 Configuring debugging output

While developing and testing emUSB-Device, we recommend to use the DEBUG
configuration of emUSB-Device. This is enabled by setting the preprocessor symbol DEBUGto
1 (or USB_DEBUG LEVEL to 2). The DEBUG configuration contains many additional run-time
checks and generate debug output messages which are very useful to identify problems that
may occur during development. In case of a fatal problem (e.g. an invalid configuration)
the program will end up in the function USB_OS _Pani c() with a appropriate error message
that describes the cause of the problem. Once the application is running correctly, DEBUG
can be set to 0.
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Add the file USB_Confi gl O. c found in the folder Confi g to your project and configure it to
match the message output method used by your debugging tools. If possible use RTT.

To later compile a release configuration, which has a significantly smaller code footprint,
simply set the preprocessor symbol DEBUG (or USB_DEBUG _LEVEL) to 0.

3.1.4 Add hardware dependent configuration

To perform target hardware dependent runtime configuration, the emUSB-Device stack calls
a function named USBD_X_Conf i g. Typical tasks that may be done inside this function are:

Select an appropriate driver for the USB controller.
Configure I/0 pins of the MCU for USB.

Configure PLL and clock divider necessary for USB operation.
Install an interrupt service routine for USB.

Details can be found in Target USB Driver on page 735.

Sample configurations for popular evaluation boards are supplied with the driver shipment.
They can be found in files called USB Confi g _<Target Nanme>.c in the folders BSP/
<Boar dNane>/ Set up.

Add the appropriate configuration file to your project. If there is no configuration file for
your target hardware, take a file for a similar hardware and modify it if necessary.

If the file needs modifications, we recommend to copy it into the directory Confi g for easy
updates to later versions of emUSB-Device.

Add BSP file

Some targets require CPU specific functions for initialization, mainly for installing an
interrupt service routine. They are contained in the file BSP_USB. c. Sample BSP_USB. c files
for popular evaluation boards are supplied with the driver shipment. They can be found in
the folders BSP/ <Boar dNane>/ Set up.

Add the appropriate BSP_USB. c file to your project. If there is no BSP file for your target
hardware, take a file for a similar hardware and modify it if necessary.

If the file needs modifications, we recommend to copy it into the directory Confi g for easy
updates to later versions of emUSB-Device.

Note that a BSP_USB. ¢ file is not always required, because for some target hardware all
runtime configuration is done in USB_X_Confi g.

3.1.5 Prepare and run the application

Choose a sample application from the folder Appl i cati on and add it to your project. For
example, add USB_HI D_Muse. ¢ as your application to your project. Compile and run the
application on the target hardware. After connecting the USB cable to the target device,
the mouse pointer should hop from left to right.
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3.2 Updating emUSB-Device

If an existing project should be updated to a later emUSB-Device version, only files have
to be replaced. You should have received the emUSB-Device update as a zip file. Unzip this
file to the location of your choice and replace all emUSB-Device files in your project with
the newer files from the emUSB-Device update shipment.

In general, all files from the following directories have to be updated:

USB

I nc

SEGGER

Doc

Sanpl e/ USB/ OS

Some files may contain modification required for project specific customization. These files
should reside in the folder Confi g and must not be overwritten. This includes:

USB_Conf . h

USB_ConfiglO ¢

BSP_USB. ¢

USB_Confi g_<Tar get Nane>. ¢
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3.3 emUSB-Device Configuration

3.3.

An application using emUSB-Device must contain a USB_DEVI CE_I NFO structure containing
the device identification information.

1 USB_DEVICE_INFO

Description

Device information that must be provided by the application via the function
USBD_Set Devi cel nf o() before the USB stack is started using USBD_St art () . Is used during
enumeration of the device by the host.

Type definition

typedef struct {
Ul6 Vendor | d;
Ul6 Product | d;
const char * sVendor Nane;
const char * sProduct Nane;
const char * sSerial Nunber;
} USB_DEVI CE_I NFQ,

Structure members

Member Description

Vendor | d Vendor ID. Uniquely identifies the vendor on a USB device.

Product I d Product ID. Uniquely identifies all USB devices of a vendor.

sVendor Nanme Vendor name. ASCII string of up to 126 characters.

<Pr oduct Name Description of the USB device. ASCII string of up to 126
characters.

sSeri al Nurber _Serlal nqmber of the USB device (ASCII string). May be NULL
if no serial number should be provided.

Additional information

The Product ID in combination with the Vendor ID creates a worldwide unique identifier for
the product model. The Vendor ID is assigned by the USB Implementers Forum (https://
www.usb.org). For tests, the default number above (or pretty much any other number) can
be used. However, you may not bring a product to market without having been assigned
your own Vendor ID. For emUSB-Device-CDC: If you change this value, do not forget to
make the same change to the . i nf file as described in section The .inf file on page
Otherwise, the Windows host will be unable to locate the driver.

The manufacturer name, product name and serial number are used during the enumeration
phase. They together should give a detailed information about which device is connected
to the host.

Note

The max string length cannot be more than 126 ANSI characters.

Note for MSD: In order to confirm to the USB bootability specification, the minimum string
length of the serial number must be 12 characters where each character is a hexadecimal
digit (‘0" though 9’ or ‘A’ through 'F’).

Example

static const USB _DEVI CE_| NFO _Devicelnfo = {
0x8765, /1 Vendor| d
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0x1234, /1 Productld
"Vendor", /| Vendor Nane
"Bul k device", [/ ProductNane
"13245678" /1 Serial Nunber

}
USBD_Set Devi cel nf o( & Devi cel nfo);

USBD Start();

This structure and functions are included in every example application and can be used
without modifications in the development phase of your application, but you may not bring
a product on the market without modifying the Vendor ID and Product ID.

Ids Description
Default Vendor ID for all applications
Ox8765 Itfrﬁzr:'\nplreea\/le;i%rulclisfor all examples. Do not use
Used Product IDs
0x1240 Example Product ID for all bulk samples.
Ox1234 Exa_mple Product I_D for deprecated bulk samples
(using SEGGER Windows driver)
0x1200 Example Product ID for the MSD CD-ROM sample.
0x1000 Example Product ID for all MSD samples.
0x1088 Example Product ID for all UVC samples.
0x1111 Example Product ID for all CDC samples.
0x1112 Example Product ID for HID mouse sample.
Ox1114 E:sqn;lzlle Product ID for the vendor specific HID
0x1115 Example Product ID for HID keyboard sample.
0x1310 Example Product ID for the Audio Speaker sample.
Ox1311 E;;n;lpélle Product ID for the Audio Microphone
0x1312 Example Product ID for the Audio Headset sample.
0x1350 Example Product ID for the MIDI sample.
0x2114 Example Product ID for the Printer class sample.
0x3000 Example Product ID for RNDIS sample.
0x3003 Example Product ID for ECM sample.
0x3004 Example Product ID for IP-over-USB sample.
0x3005 Example Product ID for NCM sample.

3.3.2 Additional required configuration for emUSB-MSD

Refer to MSD Configuration on page 245 for more information about the required additional
configuration functions for emUSB-MSD.

3.3.3 Descriptors

All configuration descriptors are automatically generated by emUSB-Device and do not
require configuration.

Some optional descriptors may be enabled by calling the following functions:

e USBD Enabl el AIX)
e USBD_UseV210()
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e USBD Enabl eSuper Speed()
e USBD_Set WebUSBI nf o()

emUSB-Device User Guide & Reference Manual © 2010-2026 SEGGER Microcontroller GmbH



53 CHAPTER 3 Compile-time configuration

3.4 Compile-time configuration

emUSB-Device can be used without changing any of the compile-time switches. All
compile-time configuration switches are preconfigured with valid values which match
the requirements of most applications. An exception are the audio and video classes,
which require change some of the options in order to work properly, see Configuration
requirements.

All compile-time switches and their default values can be found in the file
USB_Conf Def aul ts. h.

To change the default configuration of emUSB-Host compile-time switches can be added
to USB_Conf. h. Don’t change the USB_Conf Def aul t s. h file for easy updates of emUSB-
Device.

3.4.1 Compile-time switches for debugging

3.4.1.1 USB_DEBUG_LEVEL

Description

emUSB-Device can be configured to display debug messages and warnings to locate an
error or potential problems. This can be useful for debugging. In a release (production)
build of a target system, they are typically not required and should be switches off.

To output the messages, emUSB-Host uses the logging routines contained in
USB_Confi gl O. ¢ which can be customized.

USB_DEBUG LEVEL can be set to the following values:

e 0 - Used for release builds. Includes no debug options.

e 1 - Used in debug builds to include support for “panic” checks.

e 2 - Used in debug builds to include warning, log messages and “panic” checks. This
significantly increases the code size.

Definition

#define USB DEBUG LEVEL 0

3.4.1.2 USB_LOG_BUFFER_SIZE

Description

Maximum size of a debug / warning message (in characters) that can be output. A buffer
of this size is created on the stack when a message is output.

Definition

#def i ne USB_LOG BUFFER_SI ZE 100

3.4.2 Use of standard C-library functions

emUSB-Device calls some functions from the standard C-library. If the standard C-library
should not be used, the following macros can be changed to call user defined functions
instead:

#def i ne USBH_MEMCPY mencpy
#define USBH MEMSET  nenset
#def i ne USBH_MEMCMP  mentnp
#defi ne USBH_MEMMOVE menmove
#define USBH STRLEN strlen
#def i ne USBH_STRCAT  strcat
#def i ne USBH_STRRCHR strrchr
#def i ne USBH_STRNCPY strncpy
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#def i ne USBH_STRCWP  strcnp

3.4.3 General USB configuration

3.4.3.1 USB_SUPPORT_TRANSFER_ISO

Description

Must be set to 1 if the USB stack shall support isochronous transfers (e.g. for audio and
video applications). If set to 0, all code that handles isochronous transfers is disabled, which
may significantly reduce the code size of the USB stack.

Definition

#define USB_SUPPORT TRANSFER ISO 0

3.4.3.2 USB_SUPPORT TEST MODE

Description

USB test mode enable. This can be set to 1 to enable support for USB high-speed test
mode. It is disabled by default to reduce memory footprint of the USB stack.

Definition

#define USB_SUPPORT _TEST MODE 0

3.4.3.3 USB_NUM_EPS

Description

Maximum number of endpoints that can be used in the main stack. A table is stored in
static memory with USB_NUM EPS entries, each allocates 56 bytes.

Definition

#def i ne USB_NUM _EPS 8u

3.4.3.4 USB_MAX_NUM_IF

Description

Maximum number of USB interfaces the device can support. Each USB class has one or
more interfaces. For a USB composite device USB_MAX NUM | F must be = the sum of the
number of interfaces for all classes configured. Information about all interfaces are stored
into a table, which allocates about USB_ MAX NUM | F * 9 words in static memory (word =
sizeof(void *)).

Definition

#define USB_.MAX_ NUMIF  4u

3.4.35 USB_MAX_NUM_ALT IF

Description

Maximum number of USB alternate settings the device can support. Some USB interfaces
may have alternate settings to select different operating modes / configurations.
USB MAX NUM ALT | F must be = the sum of the number of all alternate settings of all
interfaces of all classes configured. Information about all alternates settings are stored into
a table, which allocates about USB_MAX NUM ALT | F * 10 words in static memory (word
= sizeof(void *)).
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Definition
#define USB_MAX NUM ALT | F 2u

Number of interfaces / alternate settings for each USB class

USB class Number of interfacses Number of alternate settings
Bulk / Vendor 1 :cysially 0, but may be configured
CDC-ACM 2 0
CDC-ECM 2 1
CDC-NCM 2 1
CCID 1 0
HID 1 0
Mass storage 1 0
MTP 1 0
Printer 1 0
DFU 0 1
MIDI 2 0
RNDIS 2 1
uvC 2 1
Audio 1 + Number of audio streams At least one per al.,ldi'O stream,

(IN/OUT) see Design of audio interfaces

3.4.3.6 USB_DESC_BUFFER_SIZE

Description

Maximum size of a USB configuration descriptor. The configuration descriptor consists
of a header and the concatenation of configurations for all configured USB classes. The
configuration descriptors are small for most classes, but for the audio or video class it may
get large and require to increase the size of this buffer.

Definition

#def i ne USB_DESC_BUFFER_SI ZE 256

3.4.3.7 USBD_SUPPORT_PROFILE

Description
Enables USB API instrumentation for SystemView.
Definition

#def i ne USBD_SUPPORT_PROFI LE 0

3.4.3.8 USBD_OS_USE_USBD_X_INTERRUPT

Description

If set emUSB-Device will use the functions USBD X Enablelnterrupt() and
USBD_X_Di sabl el nterrupt () instead of disabling/enabling the interrupts globally. Those
functions only disable/enable the USB interrupt. The functions are MCU specific and must
be defined in the corresponding USB_Confi g_*.c file.
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Definition
#define USBD_OS_USE_USBD X_ | NTERRUPT 0

3.4.3.9 USBD_OS_USE_ISR _FLAG

Description

Enable flag to indicate execution of USB interrupt. May be needed by some RTOS layer in
combination with USBD_0OS_USE_USBD_ X | NTERRUPT=1 (experimental).

Definition
#define USBD_OS_USE_| SR FLAG 0
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3.5 Host OS specifics

3.5.1 Windows registry

The Windows registry is a database which stores settings for the operating system. The
relevant aspect of the Windows registry in regard to USB development is the fact that
Windows stores information about connected USB devices into the registry. Normally
Windows stores the Vendor and Product ID pair together with the USB configuration of that
particular device in the registry. During USB development this can have negative effects
because, if you, the developer, change the USB configuration of a device Windows will still
have the old USB configuration saved in the registry. While the USB device is functioning
perfectly fine the old registry entry can result in the device not being properly recognized
by Windows.

This issue is especially prevalent when developing a USB Audio device.

3.5.1.1 Cleaning the Windows registry

Easiest is to use a tool such as Uwe Sieber’s “"Device Cleanup Tool”: https://www.uwe-
sieber.de/misc_tools_e.html This tool allows any not connected devices to be removed
from the registry.

Alternatively the registry can be cleaned by hand using the Windows registry editor.
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Chapter 4
USB Core

This chapter describes the basic functions of the USB Core.
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4.1 Overview

This chapter describes the functions of the core layer of emUSB-Device. These functions
are required for all USB class drivers and the unclassified bulk communication component.

General information

To communicate with the host, the example applications include a USB-specific header
USB. h. This file contains API functions to communicate with the USB host through the USB
Core driver.

Every application using USB Core must perform the following steps:

1. Initialize the USB stack. To initialize the USB stack USBD() has to be called. USBD | ni t ()
performs the low-level initialization of the USB stack and calls USBD X Confi g() to add
a driver to the USB stack.

2. Add communication endpoints. You have to add the required endpoints with the
compatible transfer type for the desired interface before you can use any of the USB
class drivers or the unclassified bulk communication component. For the emUSB-Device
bulk component, refer to USB_BULK | NIl T_DATA on page 144 for information about
the initialization structure that is required when you want to add a bulk interface. For
the emUSB-Device MSD component, refer to USB_MSD | NIl T_DATA on page 264 and
USB_MSD_| NST_DATA on page 266 for information about the initialization structures
that are required when you want to add an MSD interface. For the emUSB-Device
CDC component, refer to USB_CDC | NI T_DATA on page 404 for information about the
initialization structure that is required when you want to add a CDC interface. For
the emUSB-Device HID component, refer to USB_H D | Nl T_DATA on page 436 for
information about the initialization structure that is required when you want to add a
HID interface.

3. Provide device information using USBD_Set Devi cel nfo() .

4. Start the USB stack. Call USBD St art () to start the USB stack.

Example applications for every supported USB class and the unclassified bulk component
are supplied. We recommend using one of these examples as a starting point for your own
application. All examples are supplied in the \ Appl i cati on\ directory.
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4.2 Target API

This section describes the functions that can be used by the target application.

Function Description

USB basic functions

USBD | nit () Initializes the USB device with its settings.
USBD Start () Starts the emUSB-Device Core.

USBD_Get Ver si on() Returns the version of the stack.

USBD Get St at e() Returns the state of the USB device.
USBD_ | sConf i gur ed() Sehaedc;fs if the USB device is initialized and
USBD_Cet Speed() Returns the current connection speed.

Returns the state of the USB
device, set by the host (except
USBD_Get Devi ceSt at e() USB_DEVSTAT_SELF_POWERED, which
is configured by the device, see
USBD_Set MaxPower () ).

USBD_St op() Stops the USB communication.
USBD Del ni t () De-initialize the complete USB stack.
USB configuration functions
USBD_AddDri ver () Adds a USB device driver to the USB stack.
USBD_Set | SREnabl eFunc() Register function to enable USB interrupts.

Sets a function to perform hardware-

USBD_Set At tachFunc() specific actions to attach USB.

Returns an endpoint “handle” that can be

USBD_AddER() used for the desired USB interface.

Returns an endpoint “handle” that can be

USBD_AddEPEX() used for the desired USB interface.

Sets a all information used during device

USBD_Set Devi cel nfo() enumeration

Sets a callback function that is called when
USBD_Set O assRequest Hook() a setup class request is sent from the host
to the specified interface index.

Sets a callback function that is called when
USBD_Set Vendor Request Hook( ) a setup vendor request is sent from the
host to the specified interface index.

Sets whether the device is self-powered or

USBD_Set | sSel f Power ed() not

Sets the maximum power consumption

USBD_Set MaxPower () reported to the host during enumeration.

Sets a callback function for an endpoint
USBD_Set OnEvent () that will be called on every RX or TX event
for that endpoint.

Removes a callback function which was
USBD _RenmpveOnEvent () added via USBD_Set OnEvent from the
callback list.

Sets a callback when data are received in

USBD_Set nRxEPOHo0k () the data stage of the setup request.

Sets a callback whenever data are received

USBD_Set CnRXHookER() from a given endpoint handle.
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Function

Description

USBD_Set OnSet up()

Sets a callback function that is called when
any setup request is sent from the host.

USBD_Set OnSet upHook()

Obsolete, use USBD Set OnSet up() .

USBD_Set OnSOF( )

Installs a function that will be called, when
a SOF was received from the host.

USBD_ RenpbveOnSOF()

Removes a callback function which was
added via USBD_Set OnSOF() from the
callback list.

USBD_W i t eEPOFr o SR()

Write data to EPO (control endpoint).

USBD _Enabl el AIX)

Enables combination of multi-interface
device classes with single-interface classes
or other multi-interface classes.

USBD_Set CacheConfi g()

Configures cache related functionality that
might be required by the stack for cache
handling in drivers.

USBD_Regi st er SCHook()

Sets a callback function that will be called
on every state change of the USB device.

USBD_Assi gnMenor y()

Assigns an area of RAM to be used for the
endpoint buffers and transfer descriptors
by the USB driver.

USBD_UseV210()

Enable use of USB V2.10 specification
revision.

USBD_Set BESLVal ues()

Set recommended BESL (Best Effort
Service Latency) values to be used in
the BOS descriptor when using LPM (Link
Power Management).

USBD_Set OnLPMChange()

Sets a call back to report LPM transition on
the USB lines (LO <-> L1).

USBD_Set LPVResponse()

Defines the behavior of the device on LPM
requests from the host.

USBD_Enabl eSuper Speed()

Enable SuperSpeed in the USB stack.

USBD_Set WebUSBI nf o()

For WebUSB capable USB devices

this function may be called before
USBD Start() to enable WebUSB specific
descriptors.

USBD_Set CheckAddr ess()

Installs a function that checks if an
address can be used for DMA transfers.

USBD_Set Get St ri ngHook()

Sets a call to determine the string of a
specified string index.

USB I/O

functions

USBD_Read()

Reads data from the host.

USBD ReadOver | apped()

Reads data from the host asynchronously.

USBD Recei ve()

Reads data from host.

USBD_Recei vePol | ()

Reads data from host.

USBD ReadAsync()

Reads data from the host asynchronously.

USBD Wite()

Writes data to the host.

USBD Wit eAsync()

Sends data to the host asynchronously.

USBD Cancel | ()

Cancel any read or write operation.
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Function Description

Wait until the current transfer on a

USBD_Vai t For Endr Transt er Bx() particular EP has completed.

Waits (blocking) until the TX queue can

USBD_Wai t For TXReady () accept another data packet.

Returns the number of bytes that are
USBD_Get NunByt esl nBuf fer () available in the internal BULK-OUT
endpoint buffer.

This function is to be used in combination
with USBD_ReadOver | apped() .

This function is to be used in combination
with a non-blocking call to USBD Wite().

USBD St al | EP() Stalls an endpoint.
USB RemoteWakeUp functions

Allows the device to publish that remote
wake is available.

USBD_Get NunByt esReniToRead()

USBD_Get NunByt esRenToW it e()

USBD_Set Al | owRenpt eVakeUp()

Performs a remote wakeup in order to
USBD_DoRenpt eWakeup() wake up the host from the standby/
suspend state.

Data structures

Contains information for asynchronous
transfers.

USB_SETUP_PACKET Structure containing a USB setup packet.

Used to pass cache configuration and
callback function pointers to the stack.

USB_ASYNC_| O_CONTEXT

SEGGER_CACHE_CONFI G

Checks if an address can be used for DMA

USB CHECK ADDRESS FUNC
- — - transfers.

Information that may be provided by
USB_WEBUSB | NFO the application for WebUSB capable USB
devices.
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4.2.1 USB basic functions

4.2.1.1 USBD_ GetState()

Description
Returns the state of the USB device.

Prototype

unsi gned USBD_GCet St at e(voi d);

Return value
A bitwise combination of the USB state flags:

USB_STAT_ATTACHED Device is attached. (Note 1)
USB_STAT_READY Device is ready. (Note 2)
USB_STAT _ADDRESSED Device is addressed. (Note 3)
USB_STAT _CONFI GURED Device is configured. (Note 4)
USB_STAT_SUSPENDED Device is suspended. (Note 5)

Additional information

A USB device has several possible states. Some of these states are visible to the USB
and the host, while others are internal to the USB device. Refer to Universal Serial Bus
Specification, Revision 2.0, Chapter 9 for detailed information.

Notes

(1) Attached in a USB-specification sense of the word does not mean that the device is
physically connected to the host via a USB cable, it only means that the pull-up resistor
on the device side is connected. The status can be “attached” regardless of whether the
device is connected to a host or not. This state can normally be ignored.

(2) Ready denotes the USB controller state, the controller is “ready” after a bus reset. This
state can normally be ignored.

(3) A device is in an addressed state after it receives a valid (non-zero) USB address from
the USB host. This state can normally be ignored.

(4) When a device is “configured” the enumeration of the device has been successfully
completed and the host can communicate with the device.

(5) Suspend is set when the device is physically disconnected from the host or when the
USB host suspends the connected device.

Mapping of the state value returned by USBD GCet St ate() to the USB states described in
“Universal Serial Bus Specification Revision 2.0” chapter 9.1:

Return value of USBD_Get St at e() USB state
0x10 = 10000g Attached
0x11 = 10001p Powered + Suspended
0x18 = 11000g Default
0x19 = 11001p Default + Suspended
0x1C = 11100g Address
0x1D = 11101p Address + Suspended
Ox1E = 11110g Configured
Ox1F = 11111y Configured + Suspended
Other value should not occur
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4.2.1.2 USBD GetSpeed()

Description

Returns the current connection speed.

Prototype
i nt USBD_Get Speed(voi d);
Return value

USB_SPEED NONE Unknown speed.
USB_SPEED FS Full-speed.
USB_SPEED HS High-speed.
USB_SPEED SS SuperSpeed.
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4.2.1.3 USBD_GetDeviceState()

Description

Returns the state of the USB device, set by the host (except USB_DEVSTAT SELF POWERED,
which is configured by the device, see USBD_Set MaxPower () ).

Prototype

unsi gned USBD_Get Devi ceSt at e(voi d) ;

Return value

A bitwise combination of the USB device state flags:

USB_DEVSTAT_SELF POAERED Device is self-powered.

USB_DEVSTAT _REMOTE_WAKEUP_ALLOWED Remote Wakeup is allowed.

USB DEVSTAT_Ul_ENABLE Link power state U1l is enabled
(SuperSpeed only).

USB DEVSTAT_U2_ ENABLE Link power state U2 is enabled
(SuperSpeed only).

USB_DEVSTAT_LPM ENABLE Link power management is enabled

(SuperSpeed only).
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4.2.1.4 USBD_Init()

Description
Initializes the USB device with its settings.

Prototype

void USBD | nit(void);
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4.2.1.5 USBD IsConfigured()

Description
Checks if the USB device is initialized and ready.

Prototype

char USBD_I| sConfi gured(void);

Return value

0 USB device is not configured.
1 USB device is configured.
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4.2.1.6 USBD_ Start()

Description
Starts the emUSB-Device Core.

Prototype
voi d USBD_Start(void);

Additional information

This function should be called after configuring USB Core. It initiates a hardware attach and
updates the endpoint configuration. When the USB cable is connected to the device, the
host will start enumeration of the device.
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4.2.1.7 USBD_Stop()

Description

Stops the USB communication. This also makes sure that the device is detached from the
HOST.

Prototype

voi d USBD_St op(voi d);
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4.2.1.8 USBD_Delnit()

Description
De-initialize the complete USB stack.

Prototype
voi d USBD_Del nit(void);

Additional information
This function also calls USBD_St op() internally.
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4.2.1.9 USBD_GetVersion()

Description

Returns the version of the stack.

Prototype

U32 USBD_GCet Ver si on(voi d);

Return value
Format: Mmmrr; e.g: 32401 is 3.24.1
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4.2.2 USB configuration functions

4.2.2.1 USBD_AddDriver()

Description

Adds a USB device driver to the USB stack. This function should be called from within
USBD_X Confi g() which is implemented in USB_Config *.c.

Prototype
voi d USBD_AddDri ver (const USB_HW DRI VER * pDriver);
Parameters
Parameter Description
pDri ver Pointer to the driver API structure.

Additional information

To add the driver, use USBD_AddDri ver () with the identifier of the compatible driver. Refer
to the section “Available target USB drivers” in the USB. h header file for a list of supported
devices and their valid identifiers.

Example

/*********************************************************************
* USBD_X_Confi g
*/
voi d USBD_X_Config(void) {
BSP_USB I nit();
USB_DRI VER_LPC17xx_Confi gAddr (0x2008C000); // USB controller of LPC1788
/'l is |ocated @0x2008C000
USBD_AddDr i ver (&USB_Dri ver _NXPLPC17xx) ;
USBD_Set | SREnabl eFunc(_Enabl el SR, NULL, NULL);
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4.2.2.2 USBD _ SetlISREnableFunc()

Description

Register function to enable USB interrupts.

Prototype
voi d USBD_Set | SREnabl eFunc( USB_ENABLE_|I SR_FUNC * pf Enabl el SR);
Parameters
Parameter Description
f Enabl el SR Pointer to the function to install the interrupt handler and
P enable the USB interrupt.

Additional information

This function must be called within USBD X Confi g() function. See Adding a driver to
emUSB-Device on page 737. The functions pointer prototype is defined as follows:

typedef void USB_ENABLE | SR FUNC (USB_I SR HANDLER * pf | SRHandl er);

Example
See USBD _AddDri ver ().
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4.2.2.3 USBD_SetAttachFunc()

Description

Sets a function to perform hardware-specific actions to attach USB.

Prototype
voi d USBD_Set Att achFunc(USB_ATTACH FUNC * pf Attach);
Parameters
Parameter Description
pf Att ach Pointer to the attach function.

Additional information

This function must be called within USBD X Confi g() function. See Adding a driver to
emUSB-Device on page 737. The functions pointer prototypes are defined as follows:

typedef void USB _ATTACH FUNC (void);

Example
See USBD X Config() on page 737.
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4.2.2.4 USBD_AddEP()

Description

Returns an endpoint “handle” that can be used for the desired USB interface.

Prototype

unsi gned USBD_AddEP( U8 InDir,
us Transfer Type,
uUl6 I nterval,
us * pBuffer,
unsi gned Buf f er Si ze) ;

Parameters

Parameter Description

Specifies the direction of the desired endpoint.
| nDi r e USBDRIN
e USB DR OUT

Specifies the transfer type of the endpoint. The following
values are allowed:

Transf er Type e USB TRANSFER TYPE_BULK

e USB TRANSFER TYPE_I NT

ISO endpoints must be created using USBD_AddEPEX() .

Specifies the interval measured in units of 125us (micro

Interval frames). This value should be zero for a bulk endpoint.

Buf f er Pointer to a buffer that is used for OUT-transactions. For IN-
P endpoints this parameter must be NULL.
Buffer Si ze Size of the buffer (OUT endpoints only). Must be a multiple

of the maximum packet size.

Return value

>0 A valid endpoint handle is returned.
=0 Error.
Additional information

The I nt er val parameter specifies the frequency in which the endpoint should be polled for
information by the host. It must be specified in units of 125 us.

Depending on the actual speed of the device during enumeration, the USB stack converts
the interval to the correct value required for the endpoint descriptor according to the USB
specification (into milliseconds for low/full-speed, into 125 us for high-speed).

For endpoints of type USB_TRANSFER TYPE_BULK the value is ignored and should be set to 0.
This function must be called after USBD I ni t () and before USBD Start ().
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4.2.25 USBD_AddEPEX()

Description

Returns an endpoint “handle” that can be used for the desired USB interface.

Prototype
unsi gned USBD_AddEPEx(const USB_ADD _EP_| NFO * pl nf o,
us * pBuffer,
unsi gned Buf f er Si ze) ;
Parameters
Parameter Description
pl nfo Pointer to a structure of type USB_ADD EP_I NFO.
Pointer to an endpoint buffer that is used for OUT-
pBuf f er transactions. For IN-endpoints or ISO endpoints this

parameter should be NULL.

Size of the endpoint buffer (OUT endpoints only). Must be =
Buf fer Si ze the maximum packet size of the endpoint. For IN-endpoints
or ISO endpoints this parameter should be 0.

Return value

>0 A valid endpoint handle is returned.
=0 Error.

Additional information
This function must be called after USBD | nit () and before USBD Start ().
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4.2.2.6 USBD_SetDevicelnfo()

Description

Sets a all information used during device enumeration.

Prototype
voi d USBD_Set Devi cel nfo(const USB_DEVI CE_| NFO * pDevi cel nf o) ;
Parameters
Parameter Description
Pointer to a structure containing the device information.
pDevi cel nf o Must point to static data that is not changed while the stack
is running.

Additional information
See USB _DEVI CE_| NFO on page 50 for a description of the structure.

Example
See USB_DEVI CE_I| NFOon page 50.
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4.2.2.7 USBD_ SetClassRequestHook()

Description

Sets a callback function that is called when a setup class request is sent from the host to
the specified interface index.

Prototype
voi d USBD_Set Cl assRequest Hook( unsi gned I nterfaceNum
USB_ON_CLASS REQUEST * pf Ond assRequest);
Parameters
Parameter Description
I nterfaceNum Interface index that for setting the class request callback.
pf OnCl assRequest Pointer to the callback.

Additional information

Note that the callback will be called within an ISR, therefore it should never block. If it
is necessary to send data from the callback function through endpoint 0, use the function
USBD Wit eEPOFrom SR() .
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4.2.2.8 USBD_ SetVendorRequestHook()

Description

Sets a callback function that is called when a setup vendor request is sent from the host
to the specified interface index.

Prototype
voi d USBD_Set Vendor Request Hook( unsi gned I nterfaceNum
USB_ON_CLASS REQUEST * pf OnVendor Request);
Parameters
Parameter Description
I nterfaceNum Interface index that for setting the class request callback.
pf OnVendor Request Pointer to the callback.

Additional information

Note that the callback will be called within an ISR, therefore it should never block. If it
is necessary to send data from the callback function through endpoint 0, use the function
USBD Wit eEPOFrom SR() .
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4.2.2.9 USBD_ SetlsSelfPowered|()

Description

Sets whether the device is self-powered or not. Obsolete function, please use
USBD_Set MaxPower () .

Prototype

voi d USBD_Set | sSel f Power ed( U8 | sSel f Power ed) ;

Parameters

Parameter Description

e 0 - Device is not self-powered.

| sSel f Pover ed e 1 - Device is self-powered.

Additional information

This function has to be called before USBD St art (), as it will specify if the device is self-
powered or not. The default value is 0 (not self-powered).
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4.2.2.10 USBD_SetMaxPower()

Description

Sets the maximum power consumption reported to the host during enumeration. This
function also sets whether the device is self-powered (MaxPower = 0) or not.

Prototype

voi d USBD_Set MaxPower (unsi gned MaxPower) ;

Parameters

Parameter Description

Maximum power consumption of the device given in mA.
Max Power MaxPower shall be in range between OmA - 500mA, for
SuperSpeed devices up to 900mA.

Additional information

This function shall be called before USBD St art (), as it will specify how much power the
device will consume from the host. If this function is not called, a default value of 100 mA
will be used.
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4.2.2.11 USBD_SetOnEvent()

Description

Sets a callback function for an endpoint that will be called on every RX or TX event for
that endpoint.

Prototype
voi d USBD_Set OnEvent (unsi gned EPI ndex,
USB_EVENT_CALLBACK * pEvent Cb,
USB_EVENT_CALLBACK_FUNC * pf Event Cb,
voi d * pContext);
Parameters
Parameter Description
EPI ndex Endpoint index returned by USBD AddEP() .
Event Cb Pointer to a USB_EVENT_CALLBACK structure (will be
P initialized by this function).
f Event Cb Pointer to the callback routine that will be called on every
P event on the USB endpoint.
Cont ext A pointer which is used as parameter for the callback
P function.

Additional information

The USB_EVENT_CALLBACK structure is private to the USB stack. It will be initialized by
USBD_Set OnEvent (). The USB stack keeps track of all event callback functions using a
linked list. The USB_EVENT_CALLBACK structure will be included into this linked list and must
reside in static memory.

The callback function is called only, if a read or write operation was started for the endpoint
using one of the USBD_Read...() or USBD Wi te...() functions.

Additional information

The callback function has the following prototype:

typedef void USB_EVENT_CALLBACK FUNC(unsi gned Events, void *pContext);

Parameter Description
Event s A bit mask indicating which events occurred on the
endpoint.
pCont ext The pointer which was provided to the

USBD_Set OnEvent () function.

Note that the callback function will be called within an ISR, therefore it should never block.
The first parameter to the callback function will contain a bit mask for all events that
triggered the call:

Event Description
USB EVENT DATA READ Some _data was received from the host on the
- - - endpoint.
Some data was sent to the host, so that (part
USB_EVENT_DATA SEND of) the user write buffer may be reused by the
application.
USB_EVENT_DATA ACKED Some data was acknowledged by the host.
USB_EVENT_READ_COVPLETE The last read operation was completed.
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Event Description
USB_EVENT_READ_ ABORT A read transfer was aborted.
USB_EVENT_WRI TE_ABORT A write transfer was aborted.
USB_EVENT_WRI TE_COVPLETE All write operations were completed.

Example

/1 The cal | back function.
static void _OnEvent (unsi gned Events, void *pContext) {
if ((Events & USB_EVENT DATA SEND) != 0 &&
/'l Check for last wite transfer to be conpl et ed.
USBD_Get NunByt esReniToW i t e( EPI ndex) == 0) {
<.. prepare next data for witing..>
/'l Send next packet of data.
r = USBD Wite(EPIndex, &ac[0O], 200, 0, -1);
if (r <0) {
<.. error handling..>
}
}
}
/1 Main progranmm
/'l Register callback function.
static USB_EVENT_CALLBACK _usb_cal | back;
USBD_Set OnEvent (EPI ndex, & usb_cal | back, _OnEvent, NULL);
/'l Send the first packet of data using an asynchronous wite operation.
r = USBD Wite(EPIndex, &ac[0O], 200, 0, -1);
if (r <0) {
<.. error handling..>

<.. do anything else here while the whole data is send..>
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4.2.2.12 USBD_RemoveOnEvent()

Description

Target API

Removes a callback function which was added via USBD_Set OnEvent from the callback list.

Prototype

voi d USBD_RenoveOnEvent (

unsi gned

EPI ndex,

const USB_EVENT_CALLBACK * pEvent Cb);
Parameters
Parameter Description
EPI ndex Endpoint index returned by USBD AddEP() .
Event Cb Pointer to a USB_EVENT_CALLBACK structure which was used
P with USBD_Set OnEvent .
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4.2.2.13 USBD_SetOnRxEPOHo0K()

Description

Sets a callback when data are received in the data stage of the setup request.

Prototype
voi d USBD_Set OnRxEPOHook ( USB_RXEP_HOOK * pHook,
USB_ON_RX_FUNC V2 * pf OnRx,
voi d * pContext);
Parameters
Parameter Description
pHook Pointer to static USB_RXEP_HOK structure.
pf OnRXx Pointer to OnRx callback.
pCont ext User defined context that is passed to the callback function.

Additional information

The USB_RXEP_HOOK structure is private to the USB stack. It will be initialized by
USBD_Set OnRxEPOHook () . The USB stack keeps track of all ‘EPO received DATA’ callback
functions using a linked list. The USB_RXEP_HOOK structure will be included into this linked
list and must reside in static memory.

Please note that this function can be called multiple times from different classes in order
to check the data.

Note that the callback will be called within an ISR, therefore it should never block. If it
is necessary to send data from the callback function through endpoint 0, use the function
USBD_W i t eEPOFr om SR() .

USB_ON_RX_FUNC V2 is defined as follows:

typedef void USB_ON RX FUNC V2(const U8 * pData, unsigned NunBytes, void *pContext);
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4.2.2.14 USBD_SetOnRXHo0oKEP()

Description

Target API

Sets a callback whenever data are received from a given endpoint handle. The callback
function is called within the interrupt context and must not block.

Prototype

voi d USBD_Set OnRXHook EP(unsi gned
USB_ON_RX_FUNC * pf OnRx);

EPI ndex,

Parameters

Parameter Description
EPI ndex Any valid endpoint handle > 0.
pf OnRXx Pointer to the callback.

USB_ON RX_FUNC is defined as follows:

typedef void USB_ON RX FUNC(const U8 * pData, unsigned NunBytes);
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4.2.2.15 USBD_SetOnSetup()

Description

Sets a callback function that is called when any setup request is sent from the host.

Prototype

voi d USBD_Set OnSet up( USB_SETUP_HOOK * pHook,
USB_ON _SETUP  * pf OnSetup);

Parameters
Parameter Description
Pointer to a USB_SETUP_HOOK structure (will be initialized by
pHook - .
this function).
pf OnSet up Pointer to the callback function.

Additional information

The USB_SETUP_HOOK structure is private to the USB stack. It will be initialized by
USBD_Set OnSet up() . The USB stack keeps track of all setup callback functions using a
linked list. The USB_SETUP_HOCK structure will be included into this linked list and must
reside in static memory.

Note that the callback will be called within an ISR, therefore it should never block. If it
is necessary to send data from the callback function through endpoint 0, use the function
USBD Wit eEPOFrom SR() .

emUSB-Device User Guide & Reference Manual © 2010-2026 SEGGER Microcontroller GmbH



88 CHAPTER 4 Target API

4.2.2.16 USBD_SetOnSetupHook()

Description

Obsolete, use USBD_Set OnSet up() . Sets a callback function that is called when any setup
request is sent from the host.

Prototype
voi d USBD_Set OnSet upHook( unsi gned I nterfaceNum
USB_ON_SETUP * pf OnSet up);
Parameters
Parameter Description
I nterfaceNum Interface index that for setting the setup request callback.
pf OnSet up Pointer to the callback function.

Additional information

Note that the callback will be called within an ISR, therefore it should never block. If it
is necessary to send data from the callback function through endpoint 0, use the function
USBD Wit eEPOFrom SR() .
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4.2.2.17 USBD_SetOnSOF()

Description

Installs a function that will be called, when a SOF was received from the host. The callback
function is called within the interrupt context and must not block.

Prototype
i nt USBD_Set OnSOF(voi d ( *pfSOFCal | back) (void * pContext ),
uUl6 I nterval,
voi d * pCont ext,
USB_SOF CALLBACK_HOOK * pHooKk) :
Parameters
Parameter Description
pf SOFCal | back Pointer to the callback function.
Function will be called every time a number of ‘I nt erval ’
I nterval :
SOFs were received.
Cont ext A pointer which is used as parameter for the callback
P function.
Hook Pointer to a USB_SOF_CALLBACK HOOK structure (will be
P initialized by this function).

Return value

=0 Callback function successfully installed.
*0 SOF callback not supported by the driver.

Additional information

The USB_EVENT_CALLBACK structure is private to the USB stack. It will be initialized by
USBD_Set OnEvent (). The USB stack keeps track of all event callback functions using a
linked list. The USB_EVENT_CALLBACK structure will be included into this linked list and must
reside in static memory.
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4.2.2.18 USBD_RemoveOnSOFK()

Description
Removes a callback function which was added via USBD_Set OnSOF() from the callback list.

Prototype
voi d USBD_RenpbveOnSOF( const USB_SOF_ CALLBACK _HOOK * pHook) ;
Parameters
Parameter Description
Hook Pointer to a USB_SOF CALLBACK HOXK structure which was
P was installed using USBD_Set OnSOF( ) .
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4.2.2.19 USBD_WriteEPOFromISR()

Description

Write data to EPO (control endpoint). This function may be called in an interrupt context.

Prototype
voi d USBD Wit eEPOFrom SR(const void * pDat a,
unsi gned NurByt es,
18 SendOPacket | f Requi r ed) ;
Parameters
Parameter Description
pDat a Data that should be written.
NunByt es Number of bytes to write.

Specifies that a zero-length packet should be sent when the
SendOPacket | f Requi red | last data packet to the host is a multiple of MaxPacketSize.
Normally MaxPacketSize for control mode transfer is 64 byte.
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4.2.2.20 USBD_EnablelAD()

Description

Enables combination of multi-interface device classes with single-interface classes or other
multi-interface classes.

Prototype

voi d USBD_Enabl el AD(voi d);

Additional information

Simple device classes such as HID and MSD or BULK use only one interface descriptor
to describe the class. The interface descriptor also contains the device class code. Multi-
interface device classes, such as CDC, Audio, MIDI use more than one interface descriptor
to describe the class. The device class code will then be written into the device descriptor.
It may be possible to add an interface which does not belong to a multi-interface class, but
it may not be correctly recognized by the host, this is not standardized and depends on the
host. In order to allow this, a new descriptor type was introduced:

IAD (Interface Association Descriptor), this descriptor will encapsulate the multi-interface
class into this IA descriptor, so that it will be seen as one single interface and will then allow
to add other device classes.

If you intend to use a multi-interface component with any other component, please call
USBD_Enabl el AD() before adding the multi-interface component through USBD_*_Add() .
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4.2.2.21 USBD_ SetCacheConfig()

Description
Configures cache related functionality that might be required by the stack for cache handling
in drivers.

Prototype
voi d USBD_Set CacheConfi g(const SEGGER_CACHE_CONFI G * pConfi g,

unsi gned Conf Si ze) ;
Parameters
Parameter Description
pConfi g Pointer to an element of SEGGER_CACHE CONFI G.
. Size of the passed structure in case library and header size
Conf Si ze :
of the structure differs.

Additional information
This function has to called in USBD_X_Confi g() .
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4.2.2.22 USBD_RegisterSCHook()

Description

Sets a callback function that will be called on every state change of the USB device.

Prototype
i nt USBD_Regi st er SCHook ( USB_HOOK * pHook,
USB_STATE_CALLBACK_FUNC * pf St at eCb,
voi d * pContext);
Parameters
Parameter Description
Hook Pointer to a USB_HOX structure (will be initialized by this
P function).
Pointer to the callback routine that will be called on every
pf StateCb state change.
Cont ext A pointer which is used as parameter for the callback
P function.
Return value
0 OK.
1 Error, specified hook already exists.

Additional information

The USB HOOK structure is private to the USB stack. It will be initialized by
USBD_Regi st er SCHook () . The USB stack keeps track of all state change callback functions
using a linked list. The USB_HOXK structure will be included into this linked list and must
reside in static memory.

Note that the callback function will be called within an ISR, therefore it should never block.

Example

/1 The call back function.
static void _OnStateChange(void *pContext, U3 NewState) {
if ((NewState & (USB_STAT_CONFI GURED | USB_STAT SUSPENDED)) == USB_STAT_CONFI GURED) {
/1 Device is enunerated
} else {
/1 Device not enunerated
}

}
[ Main progranm
static USB HOOK Hook;

USBD I nit();
USBD_Regi st er SCHook( &Hook, _OnSt at eChange, NULL);

USBD Start();
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4.2.2.23 USBD_AssignMemory()

Description

Assigns an area of RAM to be used for the endpoint buffers and transfer descriptors by the
USB driver. This function should be called from within the USBD X Confi g() function after
installing the driver with USBD_AddDr i ver () . Not all drivers support this function.

If the driver uses DMA, the USB controller must have DMA access to this area. For some
drivers, the memory should be aligned to a given boundary. If not aligned, the driver will
increase the start address and reduce the size of the area to achieve proper alignment.
This results in wasting of RAM and may cause the driver to run out of memory.

Prototype

voi d USBD_Assi gnMenory(void * pMem
u32 MenSi ze) ;

Parameters

Parameter Description
pMem Pointer to the start of the RAM area to be used by the driver.
MenSi ze Size of the RAM area in bytes.

Additional information

If the memory is not sufficient for the class and endpoint configuration, the USB driver
will run into the USB_GOS_Pani c() function during initialization, if compiled for DEBUG
mode (USB_DEBUG _LEVEL > 0). After successful initialization, the driver will usually issue a
USB LOGE ) message to report, how many bytes of the assigned memory are not used. The
size of the memory area may then be adjusted.

Information how to calculate the size of the endpoint buffer memory and about any
alignment requirements can be found in Device driver specifics on page 741.
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4.2.2.24 USBD_UseV210()

Description

Enable use of USB V2.10 specification revision. Must be called in USBD X Config(). It
enables providing a BOS descriptor to the host and also enables link power management
(LPM), if supported by the driver and the USB controller.

Prototype
voi d USBD_UseV210(voi d);
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4.2.2.25 USBD_SetBESLValues()

Description

Set recommended BESL (Best Effort Service Latency) values to be used in the BOS
descriptor when using LPM (Link Power Management). See “Errata for USB 2.0 ECN: Link
Power Management (LPM) - 7/2007" from usb.org for an explanation of these values. Calling
this function has no effect, if LPM is not enabled (see USBD UseV210() ) or not supported
by the driver or USB controller.

Prototype

voi d USBD_Set BESLVal ues(i nt Basel i neBESL,

Parameters

i nt DeepBESL);

Parameter

Description

Basel i neBESL

Recommended Baseline BESL value. Must be in range -1

to 15. A value of -1 means, no BESL value is stored in the
BOS descriptor (the default). Values of 0,1,...,14,15 specify
a BESL of 125us,150us,...,9000us,10000us respectively (see
LPM document from usb.org).

DeepBESL

Recommended Deep BESL value. Must be in range -1 to 15
(see above).
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4.2.2.26 USBD_SetOnLPMChange()

Description
Sets a call back to report LPM transition on the USB lines (LO <-> L1).

Prototype
voi d USBD_Set OnLPMChange( USB_ON_LPM CHANGE * pf OnLPMChange) ;
Parameters
Parameter Description
pf OnLPMChange Pointer to callback.
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4.2.2.27 USBD_SetLPMResponse()

Description

Defines the behavior of the device on LPM requests from the host. Calling this function has
no effect, if LPM is not enabled (see USBD UseV210() ) or not supported by the driver or

USB controller.

Prototype
voi d USBD_Set LPMResponse( U8 Response);
Parameters
Parameter Description
ResDONSe e 0 - LPM requests are rejected (NYET).
P e 1 - LPM requests are acknowledged.
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4.2.2.28 USBD_EnableSuperSpeed()

Description

Enable SuperSpeed in the USB stack. Must be called in USBD_X Confi g() . If the USB driver
or USB controller does not support SuperSpeed, calling this function has no effect.

Prototype
voi d USBD_Enabl eSuper Speed(voi d) ;
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4.2.2.29 USBD_SetWebUSBInfo()

Description

Target API

For WebUSB capable USB devices this function may be called before USBD Start() to
enable WebUSB specific descriptors. This function can be used only, if the USB controller
supports USB 2.1 compatibility, especially link power management (LPM).

Prototype
voi d USBD_Set WebUSBI nf o(const USB_WEBUSB_| NFO * pWebUSBI nf o) ;
Parameters
Parameter Description
Pointer to a structure containing the device information.
pWebUSBI nf o Must point to static data that is not changed while the stack
is running.
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4.2.2.30 USBD_SetCheckAddress|()

Description

Installs a function that checks if an address can be used for DMA transfers. Installed function
must return 0, if DMA access is allowed for the given address, any value # 0 otherwise.

Prototype
voi d USBD_Set CheckAddr ess( USB_CHECK ADDRESS FUNC * pf CheckVal i dDMAAddr ess) ;
Parameters

Parameter Description

pf CheckVal i dDMAAddr ess| Pointer to the function.

Additional information

If the function reports a memory region not valid for DMA, the driver uses a temporary
transfer buffer to copy data to and from this area.
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4.2.2.31 USBD_SetGetStringHook()

Description

Sets a call to determine the string of a specified string index.

Prototype
voi d USBD_Set Get St ri ngHook( USB_GET_STRI NG _DESC_HOOK * pHook,
USB_GET_STRI NG_FUNC * pfOnGet String);
Parameters
Parameter Description
pHook Pointer to static USB_GET_STRI NG DESC HOX structure.
pf OnGet Stri ng Pointer to GetString callback.

Additional information

The USB_CGET_STRI NG DESC HOOK structure is private to the USB stack. It will be initialized
by USBD Set Get Stri ngHook(). The USB stack keeps track of all ‘GetString’ callback
functions using a linked list. The USB_GET_STRI NG DESC HOK structure will be included into
this linked list and must reside in static memory.
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4.2.3 USB I/O functions

4231 USBD_Read()

Description

Reads data from the host.

Prototype

int USBD_Read(unsi gned EPQut ,
voi d * pDat a,
unsi gned NurmByt esReq,
unsi gned Ti meout ) ;

Parameters
Parameter Description
EPCut Handle to an OUT endpoint returned by USBD AddEP() .
pDat a Pointer to a buffer where the received data will be stored.
NunmByt esReq Number of bytes to read.
. Ti meout given in milliseconds. A zero value results in an
Ti meout R .
infinite timeout.

Return value

= NumBytes Requested data was successfully read within the given timeout.
= 0 && < NumBytes Ti neout has occurred (Number of bytes read before timeout).
<0 An error occurred.

Additional information

This function blocks the task until all data has been read or a timeout occurs. In case of a
reset or a disconnect USB_STATUS_ERRCR is returned.

If the USB stack receives a data packet from the host containing more bytes than requested,
the remaining bytes are stored into the internal buffer of the endpoint, that was provided
via the USBD_AddEP() function. This data can be retrieved by a later call to USBD_Recei ve()
or USBD_Read() . See also USBD_Get NunByt esl nBuf fer ().

In case of a timeout, the read transfer is aborted (see Ti neout handling on page 131).
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4.2.3.2 USBD_ ReadOverlapped()

Description

Reads data from the host asynchronously.

Prototype

i nt USBD_ReadOver | apped(unsi gned EPCut ,
voi d * pDat a,
unsi gned NunmByt esReq) ;

Parameters

Parameter Description
EPCut Handle to an OUT endpoint returned by USBD AddEP() .
pDat a Pointer to a buffer where the received data will be stored.
NunmByt esReq Number of bytes to read.

Return value

0 Number of bytes that have been read from the internal buffer (success).
0 No data was found in the internal buffer, read transfer started (success).
0 An error occurred.

Al IV

Additional information

This function will not block the calling task. The read transfer will be initiated and the
function returns immediately. In order to synchronize, USBD Wi t For EndCf Tr ansf er ()
needs to be called.

Another synchronization method would be to periodically call
USBD_Get NunByt esRenifoRead() in order to see how many bytes still need to be received
(this method is preferred when a non-blocking solution is necessary).

The read operation can be canceled using USBD_Cancel | () .

The buffer pointed to by pDat a must be valid until the read operation is terminated.
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4.2.3.3 USBD _ Receive()

Description

Reads data from host. The function blocks until any data have been received. In contrast
to USBD_Read() this function does not wait for all of NumBytes to be received, but returns
after the first packet has been received or after the timeout occurs. In case of a timeout,
the read transfer is aborted (see Ti neout handling on page 131).

Prototype
i nt USBD_Recei ve(unsi gned EPCut ,
voi d * pDat a,
unsi gned NunByt esReq,
i nt Ti meout) ;
Parameters
Parameter Description
EPCut Handle to an OUT endpoint returned by USBD AddEP() .
pDat a Pointer to a buffer where the received data will be stored.
NunByt esReq Number of bytes to read.
Ti meout given in milliseconds. A zero value results in an
Ti meout infinite timeout. If Ti meout is -1, the function never blocks
and only reads data from the internal endpoint buffer.

Return value

0 Number of bytes that have been read within the given timeout.

0 A timeout occurred (if Ti neout > 0), zero packet received (nhot every
controller supports this!), no data in buffer (if Ti neout < 0) or the target was
disconnected during the function call and no data was read so far.

<0 An error occurred.

v

Additional information

If no error occurs, this function returns the number of bytes received. Calling
USBD_Recei ve() will return as much data as is currently available up to the size of the
buffer specified within the specified timeout. This function also returns when the target is
disconnected from the host or when a USB reset occurred during the function call, it will
then return the number of bytes read so far. If the target was disconnected before this
function was called, it returns USB_STATUS_ERRCR.

If the USB stack receives a data packet from the host containing more bytes than requested,
the remaining bytes are stored into the internal buffer of the endpoint, that was provided via
USBD_AddEP() . This data can be retrieved by a later call to USBD_Recei ve() / USBD_Read() .
See also USBD_Get NunByt esl nBuf fer () .

A call of USBD_Recei ve( EPQut, NULL, O, -1) can be used to trigger an asynchronous read
that stores the data into the internal buffer.
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4.2.3.4 USBD_ReceivePoll()

Description

Reads data from host. The function blocks until any data have been received. In contrast
to USBD Read() this function does not wait for all of NumBytes to be received, but
returns after the first packet has been received or after the timeout occurs. In contrast
to USBD_Recei ve() this function will continue the read transfer asynchronously in case of
a timeout.

Prototype

i nt USBD_Recei vePol | (unsi gned EPCut ,
voi d * pDat a,
unsi gned NunByt esReq,
unsi gned  Ti neout);

Parameters
Parameter Description
EPCut Handle to an OUT endpoint returned by USBD AddEP() .
pDat a Pointer to a buffer where the received data will be stored.
NunByt esReq Number of bytes to read.
. Ti meout given in milliseconds. A zero value results in an
Ti meout R .
infinite timeout.

Return value

>0 Number of bytes that have been read within the given timeout.

=0 A timeout occurred (if Ti neout > 0) or a zero packet received (nhot every
controller supports this!), or the target was disconnected during the function call
and no data was read so far.

<0 An error occurred.

Additional information

If no error occurs, this function returns the number of bytes received. Calling
USBD_Recei vePol | () will return as much data as is currently available up to the size of the
buffer specified within the specified timeout. This function also returns when the target is
disconnected from the host or when a USB reset occurred during the function call, it will
then return the number of bytes read so far. If the target was disconnected before this
function was called, it returns USB_STATUS_ERRCR.

If the USB stack receives a data packet from the host containing more bytes than requested,
the remaining bytes are stored into the internal buffer of the endpoint, that was provided via
USBD_AddEP() . This data can be retrieved by a later call to USBD_Recei ve() / USBD_Read() .
See also USBD_Get NunByt esl nBuf fer () .

If a timeout occurs, the read transfer is not affected. Data send from the host after the
timeout is stored into the internal buffer of the endpoint and can be read by later calls to
USBD_Recei vePol | ().

If Ti meout = 0, the function behaves like USBD_Recei ve() .
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4.2.3.5 USBD ReadAsync()

Description

Reads data from the host asynchronously. The function does not wait for the data to be
received. A callback function is called after the transfer has completed successfully, an error
occurred or the transfer was canceled.

Prototype
voi d USBD_ReadAsync(unsi gned EPI ndex,
USB_ASYNC | O CONTEXT * pCont ext,
i nt Short Read) ;
Parameters
Parameter Description
EPI ndex Handle to an OUT endpoint returned by USBD AddEP() .
Cont ext Pointer to an I/O context containing parameters and pointer
P to the callback function.
e 0: The transfer is completed successfully after all bytes
have been read.
Shor t Read e 1: The transfer is completed successfully after one packet
has been read.
e 2: The transfer is completed successfully after a short
packet has been read.
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4.2.3.6 USBD Write()

Description

Writes data to the host. Depending on the Timeout parameter, the function may block until
NunByt es have been written or a timeout occurs.

Prototype
int USBD Wi te( unsi gned EPI ndex,
const void * pDat a,

unsi gned NunByt es,

18 SendOPacket | f Requi r ed,

i nt ns);
Parameters

Parameter Description

EPI ndex Handle to an IN endpoint returned by USBD AddEP() .
pDat a Pointer to data that should be sent to the host.
NunByt es Number of bytes to be written.

Specifies that a zero-length packet should be sent when the

SendOPacket 1 f Requi red last data packet to the host is a multiple of MaxPacketSize.

Timeout in milliseconds. 0 means infinite. If Timeout is
ns -1, the function returns immediately and the transfer is
processed asynchronously.

Return value

=0 Successful started an asynchronous write transfer or a timeout
has occurred and no data was written.

> 0 && < NunByt es Number of bytes that have been written before a timeout
occurred.

= NunByt es Write transfer successful completed.

<0 An error occurred.

Additional information

This function also returns when the target is disconnected from host or when a USB reset
occurred.

The USB stack is able to queue a small number of asynchronous write transfers (Timeout
= -1). If a write transfer is still in progress when this function is called and the USB stack
can not accept another write transfer request, the functions returns USB_STATUS EP_BUSY.
A synchronous write transfer (Timeout = 0) will always block until the transfer (including
all pending transfers) are finished.

In order to synchronize, USBD Wit For EndOf Transfer() needs to be called. Another
synchronization method would be to periodically call USBD Get NunByt esRenifToWite() in
order to see how many bytes still need to be written (this method is preferred when a non-
blocking solution is necessary).

In case of a timeout, the write transfer is aborted (see Timeout handling on page 131).
The write operation can be canceled using USBD Cancel | ).
If pDat a = NULL and NunByt es = 0, a zero-length packet is sent to the host.

The content of the buffer pointed to by pDat a must not be changed until the transfer has
been completed.
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4.2.3.7 USBD_ WriteAsync()

Description

Sends data to the host asynchronously. The function does not wait for the data to be sent.
A callback function is called after the transfer has completed successfully, an error occurred
or the transfer was canceled.

Prototype
void USBD_WiteAsync(unsigned EPI ndex,
USB_ASYNC_| O_CONTEXT * pCont ext,
18 SendOPacket | f Requi r ed) ;
Parameters
Parameter Description
EPI ndex Handle to an IN endpoint returned by USBD AddEP() .
pCont ext Pointer to an I/O context containing parameters and pointer

to the callback function.

Specifies that a zero-length packet shall be sent when the

SendOPacket I f Requi red last data packet is a multiple of MaxPacketSize.
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4.2.3.8 USBD_ CancellO()

Description

Cancel any read or write operation.

Prototype
voi d USBD_Cancel | (unsi gned EPI ndex) ;
Parameters
Parameter Description
EPI ndex Handle to an endpoint returned by USBD AddEP() .
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4.2.3.9 USBD_WaitForEndOfTransferEx()

Description

Wait until the current transfer on a particular EP has completed. This function must be
called from a task.

Prototype

i nt USBD_Wai t For EndOf Tr ansf er Ex( unsi gned EPI ndex,
unsi gned Ti neout,

i nt Abor t OnTi neout) ;
Parameters
Parameter Description
EPI ndex Handle to the endpoint returned by USBD AddEP() .
Ti meout Ti meout in milliseconds, 0 means infinite wait.

If a timeout occurs, then the current transfer is terminated if
Abor t OnTi neout # 0. The current transfer is not affected in
case of a timeout if Abort OnTi neout = 0. See also Ti neout
handling on page 131.

Abor t OnTi meout

Return value

0 Transfer completed.
1 Ti meout occurred.
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4.2.3.10 USBD WaitForTXReady()

Description

Waits (blocking) until the TX queue can accept another data packet. This function is used
in combination with a non-blocking call to USBD Wit e(), it waits until a new asynchronous
write data transfer will be accepted by the USB stack.

Prototype
i nt USBD Wi t For TXReady(unsi gned EPI ndex,
i nt Ti meout ) ;
Parameters
Parameter Description
EPI ndex Handle to an IN endpoint returned by USBD AddEP() .
. Ti meout in milliseconds. 0 means infinite. If Ti meout is
Ti meout : ) . . -
negative, the function will return immediately.

Return value

=0 A new asynchronous write data transfer will be accepted.

=1 The write queue is full, a call to USBD Wite() would return
USB_STATUS_EP_BUSY.

<0 Error occurred.

Additional information

If Ti neout is 0, the function never returns 1. If Ti meout is -1, the function will not wait,
but immediately return the current state.

emUSB-Device User Guide & Reference Manual © 2010-2026 SEGGER Microcontroller GmbH



114 CHAPTER 4 Target API

4.2.3.11 USBD_GetNumBytesinBuffer()

Description

Returns the number of bytes that are available in the internal BULK-OUT endpoint buffer.
This function does not start a read transfer.

Prototype
unsi gned USBD_Get NunByt esl nBuf f er (unsi gned EPI ndex) ;
Parameters
Parameter Description
EPI ndex Handle to an OUT endpoint returned by USBD AddEP() .

Return value

Number of bytes which have been stored in the internal buffer.

Additional information

The number of bytes returned by this function can be read using USBD Read() or
USBD Recei ve() without blocking.
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4.2.3.12 USBD_GetNumBytesRemToRead()

Description

This function is to be used in combination with USBD ReadOver| apped() . It returns the
number of bytes which still have to be read during the transaction.

Prototype
unsi gned USBD_Get NunByt esRenToRead( unsi gned EPI ndex) ;
Parameters
Parameter Description
EPI ndex Handle to an OUT endpoint returned by USBD AddEP() .

Return value

Number of bytes which still have to be read.

Additional information

Note that this function does not return the number of bytes that have been read, but the
number of bytes which still have to be read. This function does not block.
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4.2.3.13 USBD_GetNumBytesRemToWrite()

Description

This function is to be used in combination with a non-blocking call to USBD Wite(). It
returns the number of bytes which still have to be written during the transaction.

Prototype
unsi gned USBD_Get NunByt esRemToW i t e(unsi gned EPI ndex);
Parameters
Parameter Description
EPI ndex Handle to an IN endpoint returned by USBD AddEP() .

Return value

Number of bytes which still have to be written.

Additional information

Note that this function does not return the number of bytes that have been written, but the
number of bytes which still have to be written. This function does not block.
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4.2.3.14 USBD_StallEP()

Description

Stalls an endpoint.

Prototype
voi d USBD_Stal | EP(unsi gned EPI ndex) ;
Parameters
Parameter Description
EPI ndex Handle to the endpoint handle returned by USBD AddEP() .
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4.2.4 USB Remote wakeup functions

emUSB-Device User Guide & Reference Manual

Remote wakeup is a feature that allows a device to wake a host system from a USB suspend
state.

In order to do this a special resume signal is sent over the USB data lines.

Additionally the USB host controller and operating system has to be able to handle this
signaling.

Windows OS

Currently Windows OS only supports the wakeup feature on devices based on HID mouse/
keyboard, CDC Modem and RNDIS Ethernet class. Remote wakeup for MSD, generic bulk
and CDC serial is not supported by Windows. So therefore a HID mouse class even as
dummy interface within your USB configuration is currently mandatory.

Windows must also be told that the device shall wake the PC from the suspend state. This
is done by setting the option “Allow this device to bring the computer out of standby”.

HID-compliant mouse Properties E!

File  Action  Wiew General | Driver | Detalls Power Management |
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Cancel

macQOS

macOS supports remote wakeup for all device classes.
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4.2.4.1 USBD_SetAllowRemoteWakeUp()

Description

Allows the device to publish that remote wake is available.

Prototype
voi d USBD_Set Al | onRenpt eVakeUp( U8 Al | owRenpt eWakeup) ;
Parameters

Parameter Description

e 1 - Allows and publishes that remote wakeup is available.

Al T owRemrot eViakeup e 0 - Publish that remote wakeup is not available.

Additional information

This function must be called before the function USBD St art () is called. This ensures that
the Host is informed that USB remote wake up is available.
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4.2.4.2 USBD_DoRemoteWakeup()

Description

Performs a remote wakeup in order to wake up the host from the standby/suspend state.
This will only work, when the USB device driver supports this. The function must be called
only, if either:

A) The USB device is in suspend state: (USBD Get State() & USB_STAT SUSPENDED)
# 0 and remote wakeup is allowed by the host: (USBD GetDeviceState() &
USB_DEVSTAT_REMOTE_WAKEUP_ALLOWED) # O.

OR

B) The USB bus is in L1 state and remote wakeup is allowed by the host, see
USBD_Set OnLPMChange() .

Prototype

voi d USBD_DoRenot eWakeup(voi d);

Additional information

This function cannot be called from an ISR context.
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4.2.5 Data structures

4.25.1 USB_ADD EP_INFO
Description
Structure used by USBD AddEPEx() when adding an endpoint.

Type definition

typedef struct {
unsi gned MaxPacket Si ze;

uUl6 I nterval;

us Fl ags;

us InDir;

us Tr ansf er Type;
us I SO Type,;

} USB_ADD_EP_I NFQ,

Structure members

Member Description

MaxPacket Si ze Maximum packet size for the endpoint.

Specifies the interval measured in units of 125us

Interval (microframes). This value should be zero for a bulk endpoint.

Specifies whether optional parameters are used.

e 0x00 - Ignore optional parameters.

Fl ags e USB_ADD EP_FLAG USE_ | SO SYNC TYPES - Use | SO Type.
If not set the endpoint will have the sync type
USB_| SO SYNC_TYPE_NONE.

Specifies the direction of the desired endpoint.
| nDi r e USBDRIN
e USB DIR OUT

Specifies the transfer type of the endpoint. The following
values are allowed:

Tr ansf er Type e USB TRANSFER TYPE BULK

e USB_TRANSFER TYPE_I SO

e USB _TRANSFER TYPE_I NT

Allows to set the synchronization type for isochronous
endpoints. The following types are supported:

e USB_| SO SYNC TYPE_NONE (default)

e USB_| SO SYNC TYPE_ASYNCHRONOUS

e USB | SO SYNC TYPE_ADAPTI VE

e USB_ | SO SYNC TYPE_SYNCHRONOUS

| SO Type

Additional information

The I nterval parameter specifies the frequency in which the endpoint should be polled
for information by the host. It must be specified in units of 125 us. Depending on the
actual speed of the device during enumeration, the USB stack converts the interval to
the correct value required for the endpoint descriptor according to the USB specification
(into milliseconds for low/full-speed, into 125 us for high-speed). For endpoints of type
USB_TRANSFER_TYPE_BULK the value is ignored and should be set to 0.

The actual maximum packet size for bulk endpoints may be smaller than given in the
‘MaxPacket Si ze' field to meet the requirements of the actual USB speed.

For SuperSpeed bulk endpoints, MaxPacket Si ze can be N * 1024, where N = 1...16. Values
of N > 1 enables the usage of burst transfers.
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4.2.5.2 USB_SETUP_PACKET

Description

Structure containing a USB setup packet received from the host.

Type definition

typedef struct {

bmRequest Type;
U8 bRequest;
U8 wwval uelLow,
Us wwval ueHi gh;
U8 w ndexLow,
us
us
us

&

w ndexHi gh;

wLengt hLow;,

wLengt hHi gh;
} USB_SETUP_PACKET;

Structure members

Member Description
brmRequest Type Setup request type.
bRequest Setup request number.
wVal ueLow Low byte of the value field.
wVal ueH gh High byte of the value field.
wl ndexLow Low byte of the index field.
wl ndexHi gh High byte of the index field.
wLengt hLow Low byte of the length field.
wLengt hH gh High byte of the length field.
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4.25.3 SEGGER_CACHE_CONFIG

Description

Used to pass cache configuration and callback function pointers to the stack.

Prototype

typedef struct {
unsi gned i nt CachelLi neSi ze;
voi d (*pf DVB) (voi d);
voi d (*pfdC ean) (void *p, unsigned | ong NunBytes);
void (*pflnvalidate)(void *p, unsigned [ong NunBytes);
} SEGGER_CACHE_CONFI G

Member Description

Cache line size of the CPU in bytes. Most Systems use a 32 bytes
cache line size.

pf DVB Unused.

Pointer to a callback function that executes a clean operation

on cached memory. The parameter 'p’ is always cache aligned.
‘NumBytes’ must be rounded up by the function to the next multiple
of the cache line size, if necessary.

CachelLi neSi ze

pf Cl ean

Pointer to a callback function that executes an invalidate operation
on cached memory. The parameter 'p’ is always cache aligned.
‘NumBytes’ must be rounded up by the function to the next multiple
of the cache line size, if necessary.

pfl nval i date

Additional information

For further information about how this structure is used please refer to
USBD_Set CacheConfi g on page 93.
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4254 USB_CHECK_ADDRESS FUNC

Description

Target API

Checks if an address can be used for DMA transfers. The function must return 0, if DMA

access is allowed for the given address, 1 otherwise.

Type definition

typedef int USB_CHECK ADDRESS FUNC(const void * pMen);

Parameters
Parameter Description
pMem Pointer to the memory.
Return value
=0 Memory can be used for DMA access.
+#0 DMA access not allowed for the given address.

emUSB-Device User Guide & Reference Manual

© 2010-2026 SEGGER Microcontroller GmbH



125 CHAPTER 4 Target API

4255 USB_ASYNC IO CONTEXT

Description

Contains information for asynchronous transfers.

Type definition

typedef struct {

unsi gned NunByt esToTr ansfer;
voi d * pDat a;
USB_ASYNC_CALLBACK_FUNC * pf OnConpl et e;

voi d * pCont ext ;

i nt St at us;

unsi gned NunByt esTr ansf erred;

} USB_ASYNC | O CONTEXT;

Structure members

Member Description

NunByt esToTr ansf er Number of bytes to transfer. Must be set by the application.

Pointer to the buffer for read operations, pointer to the data

pData for write operations. Must be set by the application.
f nConpl et e Pointer to the function called on completion of the transfer.
P P Must be set by the application.
Cont ext Pointer to a user context. Can be arbitrarily used by the
P application.
St at us Result status of the asynchronous transfer. Set by the USB

stack before calling pf OnConpl et e.

Number of bytes transferred. Set by the USB stack before

NunByt esTransferred calling pf OnConpl et e.
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4.2.5.6 USB_WEBUSB_INFO

Description

Information that may be provided by the application for WebUSB capable USB devices.
Can be set via the function USBD_Set WebUSBI nf o() before the USB stack is started using
USBD Start (). Is used during enumeration of the device by the host.

Type definition

typedef struct {

us Vendor Code;
us Descl ndex;
us URLPrefi x;

const char * sURL;
} USB_WEBUSB_I NFQ,

Structure members

Member Description
Vendor Code Vendor code used for the setup request.
Descl ndex :genf;:gts;ézc.jex of the descriptor containing the URL of the
URLPr ef i x Prefix of the URL: 0 = “http://”, 1 = “https://”, 255 = none.
sURL URL of the landing page. UTF-8 string.
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4.2.6 Function Types
4.2.6.1 USB_ON_CLASS REQUEST

Description

Type of callback set in USBD_Set Cl assRequest Hook() or USBD_Set Vendor Request Hook() .
This function is called when a setup class request is sent from the host to the specified
interface index.

Type definition
typedef int USB_ON CLASS REQUEST(const USB_SETUP_PACKET * pSetupPacket);

Parameters
Parameter Description
pSet upPacket Pointer to the setup packet received from the host.

Return value

If the function has processed the setup packet, it must acknowledge the packet by either
sending a response packet using USBD Wit eEPOFronl SR() or an empty packet with
USBD Wit eEPOFrom SR(NULL, 0, 0) and must return 0.

If the function can’t process the packet, it must return 1. In this case the USB stacks tries
to process the packet and will send a STALL if that fails.
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4.2.6.2 USB_ON_SETUP

Description

Type of callback set in USBD _Set OnSet up() . This function is called when a setup request
was sent from the host.

Type definition
typedef int USB_ON _SETUP(const USB_SETUP_PACKET * pSetupPacket);

Parameters
Parameter Description
pSet upPacket Pointer to the setup packet received from the host.

Return value

If the function has processed the setup packet, it must acknowledge the packet by either
sending a response packet using USBD Wit eEPOFronl SR() or an empty packet with
USBD Wit eEPOFrom SR(NULL, 0, 0) and must return 0.

If the function can’t process the packet, it must return 1. In this case the USB stacks tries
to process the packet and will send a STALL if that fails.
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4.2.6.3 USB_GET_STRING_FUNC

Description

Type of callback set in USBD Set Get St ri ngHook() . This function is called when a string
descriptor is requested from the host.

Type definition

typedef const char * USB_GET_STRI NG _FUNC(i nt | ndex);

Parameters

Parameter Description
| ndex I ndex of the requested string.

Return value

If the function is able to provide a string for the given index, it should return a pointer to
an ASCII string. Otherwise it should return a NULL pointer.
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4.2.6.4 USB_ON_LPM_CHANGE

Description

Type of callback set in USBD Set OnLPMChange() . This function is called when a LPM
transition on the USB lines (LO <-> L1) is detected.

Type definition

typedef void USB_ON_LPM CHANGE(i nt State,
unsi gned BESL);
Parameters
Parameter Description
e -1 - Transition to LO.
State e 0 - Transition to L1. Remote wakeup not allowed.

e 1 - Transition to L1. Remote wakeup allowed.

BESL value (Best Effort Service Latency) in range 0...15
reported by the host when requesting a transition to L1
BESL state. Values of 0,1,...,14,15 specify a BESL of 125us,150us,

...,9000us,10000us respectively, see “Errata for USB 2.0
ECN: Link Power Management (LPM) - 7/2007” from usb.org
for an explanation of these values.
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4.3 Timeout handling

Many API functions have a timeout parameter that causes the functions to return, if the
desired transaction can not be finished within the given time. Hardware USB controllers
usually do not have a mechanism for timeouts. Therefore the USB stack has to handle
timeouts as follows:

e Start a transaction.
e Wait for the transaction to complete or the timeout to expire.
e If the timeout has expired: Abort the current transaction.

Aborting a transaction is always a critical operation. The USB software is informed by the
hardware only if a transaction has been completed. The software usually does not know, if
a data transfer on the USB lines is still in progress. So if the USB stack decides to abort a
transaction, this transaction may already be in progress at that time. In this case the abort
of the transfer may cause the data currently transferred to be discarded without any notice
to the software. Although the data packet was successfully transferred on the USB bus and
acknowledged by the host, the data is lost from the target application’s viewpoint.

Because this is usually not the behavior intended by the application, timeouts should be
used to handle fatal errors only. Timeouts should not be used to repeatedly poll for data.

Bad example
NOT RECOMMENDED

for (;;) {
/1 Try to read sonme data with 5 nms tineout
NunmByt esRead = USBD_Recei ve( EP, Buffer, 100, 5);
if (NunBytesRead < 0) ({
<handl e error>
br eak;

}
if (NunBytesRead > 0) ({

<process the data>
conti nue;

}

/1 NunBytesRead is O here, that nmeans a tinmeout has occurred
<execut e ot her tasks>
/'l Repeat the loop and retry to read data

}

In this example, data packets may be lost if they arrive exactly when the 5 ms timeout
expires.

There are several options to avoid this problem:

e Using non-blocking API functions, like USBD_Recei ve() whereas the Timeout value =
-1 eg. USBD _Recei ve(EP, Buffer, 100, -1).

e Using asynchronous API functions, line USBD_ReadOver | apped(), USBD_ReadAsync() .

e Using blocking API functions with a timeout, that don’t abort the transaction. They
usually have a “Poll” in their name. The above example works well when using the
function USBD_Recei vePol | () instead of USBD Recei ve().

The same applies when writing data to the host.
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4.4 USB disconnect

If a self-powered USB device is disconnected from the host, the following happens:

1. USB suspend is detected. The global state (see USBD Get State()) changes to
USB_STAT_ATTACHED| USB_STAT_READY| USB_STAT_ADDRESSED| USB_STAT CONFI GURED|
USB_STAT_SUSPENDED.

2. All active and pending USB transfers are terminated. USB read and write API functions
return with an error condition.

3. After some delay, the global state changes to USB_STAT ATTACHED.

Some USB controllers are not able to distinguish between USB suspend state and USB
disconnect. In this cases step 3 is not applicable, instead the USB state remains in
USB_STAT_SUSPENDED. In order to detect a disconnect, the VBUS state has to be considered:
If the stack turns into suspend state while VBUS is still present, the host has issued a
suspend and a later resume (or remote wake-up) may be possible. If the stack signals a
suspend event and VBUS is off, then the host was disconnected and no resume (or remote
wake-up) is possible.

Note that this section is not applicable for bus-powered devices, as they will power off on
a USB disconnect.
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4.5 Low power mode

emUSB-Device does not directly support low power modes of the device running USB,
because it is very specific to the actual hardware and requirements of the application and
there may be several different low power states. Low power mode may include:

Shutting down peripherals (including the USB controller and/or the PHY)
Shutting down PLLs

Lowering the system clock

CPU sleep modes

The device is usually put into low power state only, if there is no USB connection to the
host. Since the host supplies the device via (5 Volt) VBUS, there is no need for power
saving. Without a USB host connection, the device may run from a battery which requires
low power consumption.

The application is responsible to determine when low power state should be entered or
exited. In most cases it depends on VBUS: Enter low power mode while no VBUS is present.
There is no general way to detect VBUS with the USB controller, especially if the USB
controller is shut down. Therefore VBUS detection must be managed by the application.

To enter low power mode, the application should:

e Call USBD St op()
e Enter low power mode

To leave low power mode, the application should:

e Resume from low power mode
e Call USBD Start()

Alternately the USB stack may be re-initialized completely.

To enter low power mode:

e Call USBD Del nit()
e Enter low power mode

To leave low power mode:

e Resume from low power mode

e Call USBD I nit ()

e Call all necessary USB configuration function (like USBD Set Devicel nfo(),
USBD <class>_Add(), ...)

e CallusBD Start()

The second approach is necessary for example, if the configuration which was done in the
USBD X Confi g() function should be executed after resuming from low power mode, or
if the memory used by the USB stack was shut down in low power mode and has lost its
contents.

4.5.1 USB suspend

If the application wants to respond to a USB suspend from the host while the device stays
connected to the host, it may simply monitor the status bit USB_STAT SUSPENDED returned
by the function USBD Get St at e() . The USB stack must remain active to get correct states
from USBD Get St ate() .

Please notice that on some devices the USB controller is not able to distinguish between
suspend state and disconnect, see USB disconnect.

The device may be put into low power mode during suspend. If the USB controller is affected
by the low power mode (for example if the USB controller register settings are not retained),
then the application has to save and restore the USB controllers state before entering /
after leaving low power state.
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Application design to handle suspend state

When a USB device is put into suspend state by the host, then all active and pending USB
transfers are terminated. If for example the application is waiting for data from the host
using:

NunmByt esRecei ved = USBD _CDC Recei ve(hl nst, Buff, sizeof(Buff), 0);

then the function USBD_CDC_Recei ve() will return with a negative value in case of a device
suspend. Further calls to USBD _CDC Recei ve() will also return immediately until the device
is resumed. The application on the device has to handle this case properly. For example:

USBD_Start();
I
/1 Wait for succesful enuneration
I
restart:
while ((USBD_Cet State() & (USB_STAT_CONFI GURED | USB_STAT_SUSPENDED) )
I = USB_STAT_CONFI GURED) {
USB_OS_Del ay(50);
}
I
/1 Main application |oop
I
for () {
I
/'l Read data from host
I
NunmByt esRecei ved = USBD_CDC_Recei ve(hl nst, Buff, sizeof(Buff), 0);
i f (NunBytesReceived < 0) {
if ((USBD GetState() & (USB_STAT_CONFI GURED | USB_STAT_SUSPENDED) )
I = USB_STAT_CONFI GURED) {
I
/1 device was disconnected or is in suspend state
I
goto restart;
}
I
/1 error handling...
I

}
Il

/1l Process data from host
/1

4.5.2 Link Power Management (LPM)

To enable LPM, the application has to call USBD UseV210() within the configuration function
USBD X Config(). This sets the USB version of the device to 2.10. The host will then
request the LPM capabilities from the device (contained in the BOS descriptor) during
enumeration. The USB stack will offer LPM support only, if the driver and the USB controller
supports it.

For SuperSpeed devices LPM is enabled by default.

Please notice that common USB hosts (Windows/Linux/MacOS) use LPM for full- and high-
speed devices only in special situations. If the host contains a controller hardware other
than a XHCI type controller, then LPM is not used. Also if the device is not directly connected
to that USB controller, but instead via a hub, then LPM is not used.

See also:
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e USBD Set BESLVal ues()
e USBD Set OnLPMChange()
e USBD Set LPVResponse()
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Bulk communication

This chapter describes how to get emUSB-Device-Bulk up and running.
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5.1 Generic bulk stack

The generic bulk stack is located in the directory USB. All C files in the directory should
be included in the project (compiled and linked as part of your project). The files in this
directory are maintained by SEGGER and should not require any modification. All files
requiring modifications have been placed in other directories.
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5.2 Requirements for the Host (PC)

In order to communicate with a target (client) running emUSB-Device, the operating system
running on the host must recognize the device connected to it.

5.2.1 Windows

Microsoft’s Windows operating systems (Starting with XP Service Pack 2) contains a generic
driver called WinUSB.sys that is used to handle all communication to a emUSB-Device
running a BULK interface. If a emUSB bulk device is connected to a Windows 8, 8.1 and
10 PC for the first time, Windows will install the WinUSB driver automatically. For Windows
versions less than Windows 8, Microsoft provides a driver for Windows Vista and Windows
7 but this needs to be installed manually. A driver installation tool including the mentioned
driver is available in the W ndows\ USB\ Bul k\ W nUSBI nst al | . Windows XP user can use
the driver package located under W ndows\ USB\ Bul k\ W nUSB_USBBul k_XP. In order to get
emUSB BULK running with the WinUSB driver the following must be considered:

e The function USBD BULK Set MSDescl nf o() must be called in the target application.
e The Product IDs 1234 and 1121 must not be used.

5.2.2 Linux

Linux can handle emUSB BULK devices out of the box.

By default a USB device can only be accessed by a process that is running with “root”
rights. In order to use the USB bulk device from normal user programs an udev rule has to
be configured for the device (refer to the linux udev documentation). The emUSB-Device
release contains a sample configuration file 99- emJSBD. r ul es, which may be modified and
copied to /etc/udev/rules.d on the host machine.

52.3 macOS

macOS can handle emUSB BULK devices out of the box.
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5.3 Example application

Example applications for both the target (client) and the PC (host) are supplied. These
can be used for testing the correct installation and proper function of the device running
emUSB-Device.

The host sample applications can be wused for Windows, Linux and MacOSX.
Precompiled executables for Windows can be found in the subfolder W ndows/ USB/ Bul k/
Sanpl eAppl i cati on/ Exe.

The application USB_BULK Test . ¢ is a modified echo server; the application receives data,
modifies the first byte and sends it back to the host. It also contains the functionality to
measure USB transfer speed.

USB
connection

Target, running Host (PC),
USB_BULK_Test.c running Test.exe

To use this application, make sure to use the corresponding example files both on the host-
side as on the target side. The example applications on the PC host are named in the same
way, just without the prefix USB_BULK .

The example applications for the target-side are supplied in source code in the Appl i cati on
directory.

For information how to compile the host examples (especially for Linux and MacOSX) refer
to Compiling the PC example application on page 140.

The start application will of course later on be replaced by the real application program.
For the purpose of getting emUSB-Device up and running as well as doing an initial test,
the start application should not be modified.

5.3.1 Running the example applications

To test the emUSB-Device-Bulk component, build and download the application of choice
for the target-side.

To run one of the example applications, simply start the executable, for example by double
clicking it.

If a connection can be established, it exchanges data with the target, testing the USB
connection.

Example output of Test . exe:
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Iggrxvt'

$ Exer/Test |

Found 1 device
Found the following device O:
Yendor Mame : Vendor
Froduct Mame: Bulk test
Serial no. r 13245678
To which dewvice do you want to connect?
Please type in device rnumber (e.g. '0' for the first device, gsa for abort):0
Echo test
Operation successful!

Read speed test

FPerformance: 6145 ms for 256 MB
= 42659 kB / second

Write speed test

FPerformance: 6144 ms for 236 MB
= 4Zp66 kB / second

Echo test
Operation successful!

Communication with USE BULK device was successful!
FPress enter to exit.ll

5.3.2 Compiling the PC example application

5.3.2.1 Windows

For compiling the example application you need Visual C++ 2010 (or later).

o0 USBBULK Start - Microsoft Visual Studio (Administrator) o || =) E
Eile  Edit View Project Build Debug Team Dats Tools Test Window Help
f il = e | % a9 - O - E G| P [Debug - [winz2 || (| Read || A L s Bl S
P00 s e I 200EaB3@ABRA;
Solution Explarer MRl Testc X
2= (Global Scape) ]
; Solution 'USBBULK_Start' (1 project) B e e e T e e e T T e T
s Test . * SEGGER MICROCONTROLLER GmbH & Co. KG *
. E?Eﬂ”nﬂnemn“nnﬁ * Solutions for real time microcontroller applications *
] Test.c FEE RO OOR R KRR R 0RO K R RO R ON R OR R OOR OO R RO R R
ERE USBBULK.Ib
% %
* (C) 2883 - 2007 SEGGER Microcontroller GmbH & Co. KG *
% %
= WwWlW . Segger. com Support: support@segger.com =
% %

EEEEERRERRKEER R AR R R AR RN KRR R R R R KRR R R R KRR R R R R KRR R RN R R R AR RERRER

% %
* USB device stack for embedded applications *

B e L e T e

Purpose : USB BULK Test Application

#include <stdio.h>
#include <string.h>
#include <stdlib.h>
#include <ctype.h>
#include "USBBULK.h"

JERERRRSRR R R ER R R R R R R R R R R R AR EREE
*

# defines, configurable

*

B T T L L LE T TPy
=/

#define PRODUCT_NAME "Bulk test"

121% =« | m |

= solutio... [0

Lnl Call Chl

The source code of the sample application is located in the subfolder W ndows/ USB/ BULK/
Sanpl eAppl i cation/ Src. Open the file USBBULK St art . sl n and compile the source.
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5.3.2.2 Linux

The subfolder W ndows/ USB/ Bul k/ Sanpl eAppl i cati on contains a Makefile for Linux.
Change to this folder and execute “make”.

5.3.2.3 macOS

The subfolder W ndows/ USB/ Bul k/ Sanpl eAppl i cati on contains a Makefile for macOS.
Change to this folder and execute "make -f Makefi | e_MacOSX".
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5.4 Target API

This chapter describes the functions that can be used with the target system.

General information

To communicate with the host, the sample application project includes USB-specific header
and source files (USB. h, USB_Mai n. ¢, USB_Set up. ¢, USB_Bul k. ¢, USB_Bul k. h). These files
contain API functions to communicate with the USB host through the emUSB-Device driver.

Purpose of the USB Device API functions

To have an easy start up when writing an application on the device side, these API functions
have a simple interface and handle all operations that need to be done to communicate
with the hosts kernel.

Therefore, all operations that need to write to or read from the emUSB-Device are handled
internally by the provided API functions.

5.4.1 Target interface function list

Routine ‘ Explanation
USB-Bulk functions

Adds interface for USB-Bulk
communication to emUSB-Device.

Adds interface for USB-Bulk
communication to emUSB-Device.

USBD_BULK_Add()

USBD_BULK_Add_Ex()

Adds an alternative interface for USB-Bulk
interface.

USBD BULK_ Set MSDescl nf o() Enables use of Microsoft OS Descriptors.

Cancels any non-blocking/blocking read
operation that is pending.

USBD BULK AddAl ternatel nterface()

USBD BULK Cancel Read()

Cancels any non-blocking/blocking write

USBD_BULK_Cancel Wi te() operation that is pending.

Returns the number of bytes that are
USBD_BULK_Get NunByt esl nBuf f er () available in the internal BULK-OUT
endpoint buffer.

Get the number of remaining bytes to read

USBD BULK CGet NunByt esRenifoRead() by an active read operation.

After starting a non-blocking write
operation this function can be used to
periodically check how many bytes still
have to be written.

USBD BULK Get NunByt esRenToW it e()

USBD_BULK_Read() Reads data from the host with a given

timeout.
USBD BULK ReadAsync() Reads data from the host asynchronously.
USBD BULK_ReadQver | apped() Reads data from the host asynchronously.
USBD BULK ReadRecord() Reads data from host.
USBD _BULK_Recei ve() Reads data from the host.
USBD BULK_Recei vePol | () Reads data from the host.
USBD_BULK_Set Cont i nuousReadNbde( ) E;‘gg'oeif]tc_ont'”uous read mode for the RX

Sets a callback function that is called when

USBD_BULK_Set nSet upRequest () any setup request is sent from the host.
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Routine

Explanation

USBD_BULK_Set OnRXEvent ()

Sets a callback function for the OUT
endpoint that will be called on every RX
event for that endpoint.

USBD_BULK_Set OnTXEvent ()

Sets a callback function for the IN
endpoint that will be called on every TX
event for that endpoint.

USBD BULK TxI sPendi ng()

Checks whether the TX (IN endpoint) is
currently pending.

USBD_BULK_\Wai t For RX()

Waits (blocking) until the triggered
USBD BULK ReadOver | apped() has
received the desired data.

USBD_BULK_Pol | For RX()

Waits (blocking) until the triggered
USBD BULK ReadOver | apped() has
received the desired data.

USBD_BULK_\ai t For TX()

Waits (blocking) until a pending
asynchronous USBD BULK Wi te()
(Timeout parameter = -1) has sent the
desired data.

USBD_BULK_Pol | For TX()

Waits (blocking) until a pending
asynchronous USBD BULK Wite()
(Timeout parameter = -1) has sent the
desired data.

USBD_BULK_Wai t For TXReady/( )

Waits (blocking) until the TX queue can
accept another data packet.

USBD _BULK Wi t e()

Sends data to the USB host.

USBD_BULK_W i t eAsync()

Sends data to the host asynchronously.

USBD_BULK_W i t eEx()

Send data to the USB host with NULL
packet control.
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5.4.2 USB-Bulk functions

5.4.2.1 USBD BULK_Add()

Description

Adds interface for USB-Bulk communication to emUSB-Device.

Prototype
USB_BULK_HANDLE USBD BULK_Add(const USB BULK | NI T_DATA * plnitData);
Parameters
Parameter Description
pl ni t Dat a Pointer to USB_BULK | NI T_DATA structure.

Return value
Handle to a valid BULK instance. The handle of the first BULK instance is always 0.

Example

Example excerpt from BULK_Echol. c:

static void _AddBULK(void) {
static U8 _abQutBuffer[ USB_HS BULK MAX_PACKET_SI ZE] ;
USB_BULK_I NI T_DATA Init;
Init.EPIn = USBD_AddEP(USB_DI R I N,
USB_TRANSFER_TYPE_BULK,
USB_HS_BULK_MAX_PACKET_SI ZE,
NULL,
0);
Init. EPCQut = USBD AddEP(USB_DI R_QOUT,
USB_TRANSFER_TYPE_BULK,
USB_HS BULK_MAX_ PACKET_SI ZE,
_abQut Buffer,
USB_HS_BULK_MAX_PACKET_SI ZE) ;
USBD_BULK_Add( & nit);
}
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5.4.2.2 USBD BULK_Add_EX()

Description

Adds interface for USB-Bulk communication to emUSB-Device.

Prototype
USB_BULK_HANDLE USBD BULK_Add_Ex(const USB_BULK_I NI T_DATA EX * plnitData);
Parameters
Parameter Description
pl ni t Dat a Pointer to USB_BULK | NI T_DATA EX structure.

Return value
Handle to a valid BULK instance. The handle of the first BULK instance is always 0.

Example

static void _AddBULK(void) {
static U8 _abQutBuffer[ USB_HS BULK MAX_PACKET_SI ZE] ;
USB_BULK_| NI T_DATA EX Init;

Init.Flags = 0;

Init.EPIn = USBD_AddEP(USB_DI R I N,
USB_TRANSFER_TYPE_BULK,
USB_HS BULK_MAX_PACKET_SI ZE,
NULL,
0);

Init.EPCQut = USBD_AddEP(USB_DI R_OUT,

USB_TRANSFER_TYPE_BULK,

USB_HS BULK_MAX_ PACKET_SI ZE,

_abQut Buffer,

USB_HS_BULK_MAX_PACKET_SI ZE) ;
Init.plnterfaceName = "BULK Interface";
USBD_BULK_Add_Ex(& nit);
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5.4.2.3 USBD_BULK_AddAlternatelnterface()

Description

Adds an alternative interface for USB-Bulk interface.

Prototype
voi d USBD_BULK_AddAl t er nat el nt er face( USB_BULK_HANDLE hl nst,
const USB_BULK | NI T_DATA_EX * plnitData,
USB_ON_USER SET_| NTERFACE * pf OnUser);
Parameters
Parameter Description
hl nst Handle to a valid BULK instance, returned by
USBD_BULK_Add() .
pl ni t Dat a Pointer to USB_BULK | NI T_DATA EX structure.
Callback function that is called, when the host changes the
pf OnUser interface.
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5.4.2.4 USBD_BULK_SetMSDesclInfo()

Description

Enables use of Microsoft OS Descriptors. A USB bulk device providing these descriptors
is detected by Windows to be handled by the generic WinUSB driver. For such devices no
other driver needs to be installed.

Prototype
voi d USBD_BULK_Set MsDescl nf o( USB_BULK_HANDLE hl nst) ;
Parameters
Parameter Description
hl nst Handle to a valid BULK instance, returned by
USBD_BULK_Add() .

Additional information

This function must be called after the call to the function USBD BULK Add() and before
USBD Start().
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5.4.25 USBD _BULK CancelRead()

Description

Cancels any non-blocking/blocking read operation that is pending.

Prototype
voi d USBD_BULK_Cancel Read( USB_BULK_HANDLE hl nst);
Parameters
Parameter Description
hl nst Handle to a valid BULK instance, returned by
USBD_BULK_Add() .

Additional information

This function shall be called when a pending asynchronous read operation should be
canceled. The function can be called from any task. In case of canceling a blocking
operation, this function must be called from another task.
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5.4.2.6 USBD BULK_ CancelWrite()

Description

Cancels any non-blocking/blocking write operation that is pending.

Prototype
voi d USBD_BULK_Cancel Wit e( USB_BULK_HANDLE hl nst);
Parameters
Parameter Description
hl nst Handle to a valid BULK instance, returned by
USBD_BULK_Add() .

Additional information

This function shall be called when a pending asynchronous write operation should be
canceled. The function can be called from any task. In case of canceling a blocking
operation, this function must be called from another task.
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5.4.2.7 USBD_BULK_GetNumBytesInBuffer()

Description

Returns the number of bytes that are available in the internal BULK-OUT endpoint buffer.
This function does not start a read transfer.

Prototype
unsi gned USBD_BULK_Get NunByt esl nBuf f er (USB_BULK_HANDLE hl nst);
Parameters
Parameter Description
hl nst Handle to a valid BULK instance, returned by
USBD_BULK_Add() .

Return value
Number of bytes that are available in the internal BULK-OUT endpoint buffer.

Additional information

If the host is sending more data than your target application has requested, the remaining
data will be stored in an internal buffer. This function shows how many bytes are available
in this buffer.

The number of bytes returned by this function can be read using USBD BULK Read() without
blocking.
Example

Your host application sends 50 bytes. Your target application only requests to receive 1 byte.
In this case the target application will get 1 byte and the remaining 49 bytes are stored in an
internal buffer. When your target application now calls USBD BULK_Get NunByt esl nBuf f er ()
it will return the number of bytes that are available in the internal buffer (49).
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5.4.2.8 USBD BULK_ GetNumBytesRemToRead()

Description

Get the number of remaining bytes to read by an active read operation. This function is to be
used in combination with USBD BULK ReadOver | apped() . After starting the read operation
this function can be used to periodically check how many bytes still have to be read.

Prototype
unsi gned USBD_BULK_Get NunByt esRenifoRead( USB_BULK_HANDLE hl nst);
Parameters
Parameter Description
hl nst Handle to a valid BULK instance, returned by
USBD_BULK_Add() .

Return value

>0 Number of bytes which have not yet been read.
<0 Error occurred.

Additional information
Alternatively the blocking function USBD BULK Wit For RX() can be used.

Example

NunmByt esRecei ved = USBD _BULK ReadOver | apped(hl nst, &ac[O0], 50);
i f (NunBytesReceived < 0) {
<.. error handling..>
}
i f (NunBytesReceived > 0) {
/1l Already had sonme data in the internal buffer.
/1 The first 'NunBytesReceived bytes nmay be processed here.
<,...>
} else {
/1 Wit until we get all 50 bytes
whi |l e (USBD_BULK Get NunByt esRenifToRead(hlnst) > 0) {
USB_GOS_Del ay(50);
}
}
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5.4.29 USBD BULK_ GetNumBytesRemToWrite()

Description

After starting a non-blocking write operation this function can be used to periodically check
how many bytes still have to be written.

Prototype
unsi gned USBD_BULK_CGet NunByt esRenifoW it e( USB_BULK_HANDLE hl nst);
Parameters
Parameter Description
hl nst Handle to a valid BULK instance, returned by
USBD_BULK_Add() .

Return value

Number of bytes which have not yet been written.

Additional information
Alternatively the blocking function USBD BULK Wit For TX() can be used.

Example

r = USBD BULK Wite(hlnst, &c[0], TRANSFER SIZE, -1);
if (r <0) {
<.. error handling..>
}
/1 NunByt esToWite shows how many bytes still have to be witten.
whil e (USBD_BULK_ Get NunByt esRenifToWite(hlnst) > 0) {
USB_OS_Del ay(50);
}
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5.4.2.10 USBD_BULK_Read()

Description

Reads data from the host with a given timeout.

Prototype
int USBD BULK_ Read(USB_BULK_HANDLE hl nst,
voi d * pDat a,
unsi gned NurByt es,
unsi gned Ti meout ) ;
Parameters
Parameter Description
hl nst Handle to a valid BULK instance, returned by
USBD_BULK_Add() .
pDat a Pointer to a buffer where the received data will be stored.
NunByt es Number of bytes to read.
Ti meout Ti meout in milliseconds, 0 means infinite.

Return value

= NunByt es Requested data was successfully read within the given timeout.

> 0 && < NunByt es Ti neout has occurred. Number of bytes that have been read
within the given timeout.

<0 Error occurred.

Additional information

This function blocks a task until all data have been read or a timeout expires. This function
also returns when the device is disconnected from host or when a USB reset occurs.

If the USB stack receives a data packet from the host containing more bytes than requested,
the remaining bytes are stored into the internal buffer of the endpoint, that was provided
via USBD_AddEP() . This data can be retrieved by a later call to USBD BULK Recei ve() /
USBD BULK_Read() . See also USBD_BULK_Get NunByt esl nBuf f er () .

In case of a timeout, the read transfer is aborted (see Ti neout handling on page 131).

If a read transfer was still pending while the function is called, it returns
USB_STATUS_EP_BUSY.
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5.4.2.11 USBD BULK_ ReadAsync()

Description

Reads data from the host asynchronously. The function does not wait for the data to be
received. A callback function is called after the transfer has completed successfully, an error
occurred or the transfer was canceled.

Prototype
voi d USBD_BULK_ReadAsync(USB_BULK_HANDLE hl nst,
USB_ASYNC_| O_CONTEXT * pCont ext,
i nt Short Read) ;
Parameters
Parameter Description
hl nst Handle to a valid BULK instance, returned by
USBD_BULK_Add() .
Cont ext Pointer to a structure of type USB_ASYNC | O CONTEXT
P containing parameters and a pointer to the callback function.
e 0: The transfer is completed successfully after all bytes
have been read.
Shor t Read e 1: The transfer is completed successfully after one packet
has been read.
e 2: The transfer is completed successfully after a short
packet has been read.
Example
static void _AsyncCb(USB_ASYNC | O CONTEXT * pl CCont ext) {
us *p;
p = (U8 *)pl OCont ext - >pCont ext ;
}
<, ..>

USB_ASYNC | O _CONTEXT | OCont ext ;

us AsyncConpl et e;

| OCont ext . NunByt esToTr ansfer = 5000;

| OCont ext . pDat a = pBuff;

| OCont ext . pf OnConpl et e = _AsyncCb;

| OCont ext . pCont ext (void *)&AsyncConpl et e;
AsyncConpl ete = 0;
USBD_BULK_ReadAsync(hlnst, & OContext, 0);
whi |l e (AsyncConplete == 0) {
<.. Do other work. ..>
}
/1 Transaction is conplete.
if (1CContext.Status < 0 || |OContext.NunBytesTransferred != 5000) {
<.. error handling ..>
} else {
<.. Process the data ..>

}

<...>
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5.4.2.12 USBD_BULK_ReadOverlapped()

Description

Reads data from the host asynchronously.

Prototype
int USBD_BULK_ReadOver| apped(USB_BULK_HANDLE  hl nst,
voi d * pDat a,
unsi gned NumByt es) ;
Parameters
Parameter Description
hl nst Handle to a valid BULK instance, returned by
USBD_BULK_Add() .
pDat a Pointer to a buffer where the received data will be stored.
NunByt es Number of bytes to read.

Return value

>0 Number of bytes that have been read from the internal buffer (success).
=0 No data was found in the internal buffer, read transfer started (success).
<0 Error occurred.

Additional information

This function will not block the calling task. The read transfer will be initiated and the
function returns immediately. In order to synchronize, USBD BULK Wi t For RX() needs to
be called. Alternatively the function USBD _BULK Get NunByt esRenfToRead() can be called
periodically to check whether all bytes have been read or not. The read operation can be
canceled using USBD_BULK Cancel Read() . The buffer pointed to by pDat a must be valid
until the read operation is terminated.

If a read transfer was still pending while the function is called, it returns
USB_STATUS EP_BUSY.

Example
See USBD BULK Get NunByt esRenTToRead on page 151.
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5.4.2.13 USBD_BULK_Receive()

Description

Reads data from the host. The function blocks until any data has been received or a timeout
occurs (if Ti meout = 0). In contrast to USBD BULK Read() this function does not wait for
all of NunByt es to be received, but returns after the first packet has been received. In case
of a timeout, the read transfer is aborted (see Ti neout handling on page 131).

Prototype
int USBD BULK Recei ve(USB_BULK_HANDLE hlinst,
voi d * pDat a,
unsi gned NunByt es,
i nt Ti meout) ;
Parameters
Parameter Description
hl nst Handle to a valid BULK instance, returned by
USBD_BULK_Add() .
pDat a Pointer to a buffer where the received data will be stored.
NunByt es Maximum number of bytes to read.
Ti meout in milliseconds. 0 means infinite. If Ti meout is
Ti meout -1, the function never blocks and only reads data from the
internal endpoint buffer.

Return value

0 Number of bytes that have been read.

0 A timeout occurred (if Ti neout > 0), zero packet received (nhot every
controller supports this!), no data in buffer (if Ti neout < 0) or the target was
disconnected during the function call and no data was read so far.

<0 Error occurred.

v

Additional information

If no error occurs, this function returns the number of bytes received. Calling
USBD _BULK_Recei ve() will return as much data as is currently available -- up to the size of
the buffer specified. This function also returns when the target is disconnected from the host
or when a USB reset occurred during the function call, it will then return USB_STATUS_ERROCR.

If a read transfer was pending while the function is called, it returns USB_STATUS_EP_BUSY.

If the USB stack receives a data packet from the host containing more bytes than requested,
the remaining bytes are stored into the internal buffer of the endpoint, that was provided
via USBD_AddEP() . This data can be retrieved by a later call to USBD BULK Recei ve() /
USBD BULK_Read() . See also USBD_BULK_Get NunByt esl nBuf f er () .

A call of USBD _BULK_Recei ve(lnst, NULL, 0, -1) can be used to trigger an asynchronous
read that stores the data into the internal buffer.
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5.4.2.14 USBD BULK_ ReadRecord()

Description

Reads data from host. The function reads up to NunByt es of data until a short packet has
been received or after a timeout occurs. In case of a timeout, the read transfer is aborted
(see Ti neout handling on page 131).

Prototype
int USBD BULK_ReadRecor d( USB_BULK_HANDLE  hl nst,
voi d * pDat a,
unsi gned NurByt es,
i nt Ti meout ) ;
Parameters
Parameter Description
hl nst Handle to a valid BULK instance, returned by
USBD_BULK_Add() .
pDat a Pointer to a buffer where the received data will be stored.
NUTByt es Maximum number of bytes to read. Should be a multiple of

the maximum packet size of the endpoint.

Ti meout given in milliseconds. A zero value results in
an infinite timeout. If Ti neout is -1, the read transfer
Ti meout will be initiated and the function returns immediately.
In order to synchronize, USBD_BULK Wi t For RX() or

USBD_BULK_Pol | For RX() needs to be called.

Return value

>0 Number of bytes that have been read within the given timeout (if Ti meout > 0).

=0 A timeout occurred (if Ti neout > 0), a zero packet was received, the read is
performed asynchronously (if Ti neout < 0) or the target was disconnected
during the function call and no data was read so far.

<0 An error occurred.

Additional information

In case of a blocking (synchronous) use of the function (Ti neout = 0): If no error occurs,
this function returns the number of bytes received. This function also returns when the
target is disconnected from the host or when a USB reset occurred during the function call,
it will then return the number of bytes read so far. If the target was disconnected before
this function was called, it returns USB_STATUS ERROR.

In case of a non-blocking (asynchronous) use of the function (Ti neout < 0): After
synchronizing with USBD_BULK_Wai t For RX() or USBD BULK Pol | For RX() the number of
bytes read is 'NunByt es - USBD_BULK_Get NunByt esRenifToRead( hl nst )".
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5.4.2.15 USBD_BULK_ReceivePoll()

Description

Reads data from the host. The function blocks until any data has been received or a timeout
occurs (if Ti meout = 0). In contrast to USBD BULK Read() this function does not wait for all
of NunByt es to be received, but returns after the first packet has been received. In contrast
to USBD BULK Recei ve() this function will continue the read transfer asynchronously in
case of a timeout.

Prototype
int USBD_BULK_Recei vePol | (USB_BULK_HANDLE  hl nst,
voi d * pDat a,
unsi gned NunByt es,
unsi gned Ti meout) ;
Parameters
Parameter Description
hl nst Handle to a valid BULK instance, returned by
USBD_BULK_Add() .
pDat a Pointer to a buffer where the received data will be stored.
NunByt es Maximum number of bytes to read.
Ti meout Ti meout in milliseconds. 0 means infinite.

Return value

>0 Number of bytes that have been read.

=0 A timeout occurred (if Ti neout > 0), zero packet received (not every controller
supports this!) or the target was disconnected during the function call and no
data was read so far.

<0 Error occurred.

Additional information

If no error occurs, this function returns the number of bytes received. Calling
USBD BULK_Recei vePol I () will return as much data as is currently available -- up to the
size of the buffer specified. This function also returns when the target is disconnected
from the host or when a USB reset occurred during the function call, it will then return
USB_STATUS_ERROR.

If a read transfer was pending while the function is called, it returns USB_STATUS_EP_BUSY.

If the USB stack receives a data packet from the host containing more bytes than requested,
the remaining bytes are stored into the internal buffer of the endpoint, that was provided
via USBD_AddEP() . This data can be retrieved by a later call to USBD BULK Recei ve() /
USBD BULK_Read() . See also USBD_BULK_Get NunByt esl nBuf f er () .

If a timeout occurs, the read transfer is not affected. Data send from the host after the
timeout is stored into the internal buffer of the endpoint and can be read by later calls to
USBD_BULK Recei vePol | ().

If Ti meout = 0, the function behaves like USBD BULK_Recei ve().
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5.4.2.16 USBD BULK_ SetContinuousReadMode()

Description

Enables continuous read mode for the RX endpoint. In this mode every finished read transfer
will automatically trigger another read transfer, as long as there is enough space in the
internal buffer to receive another packet.

Prototype
voi d USBD_BULK_Set Cont i nuousReadvbde( USB_BULK_HANDLE hl nst);
Parameters
Parameter Description
hl nst Handle to a valid BULK instance, returned by
USBD_BULK_Add() .

Additional information

To check how many bytes have been read into the buffer, the function
USBD BULK Get NunByt esl nBuf f er () may be called. In order to read the data the function
USBD BULK Recei ve() needs to be called (non-blocking).

The USB stack will use the buffer that was provided by the application with USBD_AddEP() .
The transfer speed may be improved, if this buffer has a size of at least 2 * MaxPacketSize.
Normally MaxPacketSize for full-speed devices is 64 bytes and for high-speed devices 512
bytes.

Example

USBD_BULK_Set Cont i nuousReadMdde( hl nst) ;
<...>
for(;;) {
Il
/1l Fetch data that was already read (non-bl ocking).
Il
NunByt esRecei ved = USBD BULK_Recei ve(hl nst, &ac[O0], sizeof(ac), -1);
i f (NunBytesReceived > 0) {
Il
/1l W\ got sone data
Il
<.. Process data..>
} else {
<.. Nothing received yet, do application processing..>
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5.4.2.17 USBD BULK_ SetOnSetupRequest()

Description

Sets a callback function that is called when any setup request is sent from the host.

Prototype

voi d USBD_BULK_Set OnSet upRequest (USB_BULK_HANDLE  hl nst,
USB_ON_SETUP * pf OnSet upRequest) ;

Parameters
Parameter Description
hl nst Handle to a valid BULK instance, returned by
USBD_BULK_Add() .
pf OnSet upRequest Pointer to the callback function.
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5.4.2.18 USBD_BULK_SetOnRXEvent()

Description

Sets a callback function for the OUT endpoint that will be called on every RX event for
that endpoint.

Prototype
voi d USBD_BULK_Set OnRXEvent (USB_BULK_HANDLE hl nst,
USB_EVENT_CALLBACK * pEvent Cb,
USB_EVENT_CALLBACK_FUNC * pf Event Cb,
voi d * pContext);
Parameters
Parameter Description
hl nst Handle to a valid BULK instance, returned by
USBD_BULK_Add() .
Event Cb Pointer to a USB_EVENT CALLBACK structure. The structure is
P initialized by this function.
f Event Cb Pointer to the callback routine that will be called on every
P event on the USB endpoint.
Cont ext A pointer which is used as parameter for the callback
P function.

Additional information

The USB_EVENT_CALLBACK structure is private to the USB stack. It will be initialized by
USBD_BULK_Set OnRXEvent (). The USB stack keeps track of all event callback functions
using a linked list. The USB_EVENT_CALLBACK structure will be included into this linked list
and must reside in static memory.

The callback function is called only, if a read operation was started using one of the
USBD_BULK_Read...() functions.

The callback function has the following prototype:

typedef void USB_EVENT_CALLBACK FUNC(unsi gned Events, void *pContext);

Parameter Description
Event s A bit mask indicating which events occurred on the
endpoint.
pCont ext The pointer which was provided to the

USBD_Set OnEvent () function.

Note that the callback function will be called within an ISR, therefore it should never block.
The first parameter to the callback function will contain a bit mask for all events that
triggered the call:

Event Description
USB EVENT DATA READ Some _data was received from the host on the
- - - endpoint.
USB_EVENT_READ COVPLETE The last read operation was completed.
USB_EVENT _READ ABORT A read transfer was aborted.
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Example

/'l The cal | back function.
static void _OnEvent (unsi gned Events, void *pContext) {
unsi gned NumByt es;

if (Events & USB_EVENT_DATA READ) ({
NumByt es = USBD BULK_Get NunByt esl nBuf f er (hl nst) ;
if (NunBytes) ({
r = USBD BULK Recei ve(hlnst, Buff, NumBytes, -1);
if (r >0) {
<.. process data in Buff..>
}
}
}
}
/1 Main program
/'l Register callback function.
static USB EVENT CALLBACK _usb cal |l back;
USBD BULK Set OnRXEvent (hl nst, & usb_cal | back, _OnEvent, NULL);
USBD BULK_Set Cont i nuousReadMbde( hl nst) ;
/1 Trigger first read
USBD BULK Receive(lnst, NULL, 0, -1);
<.. do anything else here while the data is processed in the callback ..>
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5.4.2.19 USBD _BULK_SetOnTXEvent()

Description
Sets a callback function for the IN endpoint that will be called on every TX event for that
endpoint.
Prototype
voi d USBD_BULK_Set OnTXEvent (USB_BULK_HANDLE hl nst,
USB_EVENT_CALLBACK * pEvent Cb,
USB_EVENT_CALLBACK_FUNC * pf Event Cb,
voi d * pContext);
Parameters
Parameter Description
hl nst Handle to a valid BULK instance, returned by
USBD_BULK_Add() .
Event Cb Pointer to a USB_EVENT CALLBACK structure. The structure is
P initialized by this function.
f Event Cb Pointer to the callback routine that will be called on every
P event on the USB endpoint.
Cont ext A pointer which is used as parameter for the callback
P function.

Additional information

The USB_EVENT_CALLBACK structure is private to the USB stack. It will be initialized by
USBD_BULK_Set OnTXEvent (). The USB stack keeps track of all event callback functions
using a linked list. The USB_EVENT_CALLBACK structure will be included into this linked list
and must reside in static memory.

The callback function is called only, if a write operation was started using one of the
USBD BULK Wi te...() functions.

The callback function has the following prototype:

typedef void USB_EVENT_CALLBACK FUNC(unsi gned Events, void *pContext);

Parameter Description
Event s A bit mask indicating which events occurred on the
endpoint.
pCont ext The pointer which was provided to the

USBD_Set OnEvent () function.

Note that the callback function will be called within an ISR, therefore it should never block.
The first parameter to the callback function will contain a bit mask for all events that
triggered the call:

Event Description
Some data was sent to the host, so that (part
USB_EVENT_DATA SEND of) the user write buffer may be reused by the
application.
USB_EVENT_DATA_ACKED Some data was acknowledged by the host.
USB_EVENT _W\RI TE_ABORT A write transfer was aborted.
USB_EVENT_WRI TE_COVPLETE All write operations were completed.
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Example

/'l The cal | back function.
static void _OnEvent (unsi gned Events, void *pContext) {
if ((Events & USB_EVENT_DATA SEND) != 0 &&
/1 Check for last wite transfer to be conpl et ed.
USBD BULK_Get NunmByt esReniToWite(_hlnst) == 0) {
<.. prepare next data for witing..>
/'l Send next packet of data.
r = USBD BULK Wite(_hlnst, &c[O0], 200, -1);
if (r <0) {
<.. error handling..>
}
}
}
/1 Main program
/'l Register callback function.
static USB_EVENT_CALLBACK _usb_cal | back;
USBD BULK Set OnTXEvent (hl nst, & usb_cal | back, _OnEvent, NULL);
/'l Send the first packet of data using an asynchronous wite operation.
r = USBD BULK Wite(_hlnst, &c[O0], 200, -1);
if (r <0) {
<.. error handling..>
}

<.. do anything el se here while the whole data is send..>
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5.4.2.20 USBD BULK_ TxIsPending()

Description

Checks whether the TX (IN endpoint) is currently pending. Can be called in any context.

Prototype
i nt USBD_BULK_TxI sPendi ng( USB_BULK_HANDLE hl nst);
Parameters
Parameter Description
hl nst Handle to a valid BULK instance, returned by
USBD_BULK_Add() .

Return value

1 We have queued data to be sent.
0 Queue is empty.
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5.4.2.21 USBD_BULK_WaitForRX()

Description
Waits (blocking) until the triggered USBD BULK ReadOver | apped() has received the desired
data.
Prototype
int USBD_BULK Wi t For RX( USB_BULK_HANDLE hl nst,
unsi gned Ti meout) ;
Parameters
Parameter Description
hl nst Handle to a valid BULK instance, returned by
USBD_BULK_Add() .
Ti meout Ti meout in milliseconds. 0 means infinite.

Return value

=0 Transfer completed.
=1 Ti meout occurred.
<0 An error occurred (e.g. target disconnected)

Additional information

In case of a timeout, the read transfer is aborted (see Ti neout handling on page 131).

Example

i f (USBD_BULK ReadOverl| apped(hlnst, &ac[0], 50) < 0) {
<.. error handling..>
return;
}
Il
/1 USBD _BULK ReadOverl apped() will return imediately.
/1 Do sonething el se while data may be transferred.
Il
<...>
Il
/1 Now wait until we get all 50 bytes.
/1 USBD BULK WaitForRX() will block, until total of
/1 50 bytes are read or tineout occurs.
Il
i f (USBD_BULK Wit ForRX(hlnst, timeout) !'= 0) {
<.. tinmeout error handling..>
return;
}
/'l Now we have 50 bytes of data.
/'l Process 50 bytes of data fromac[] here.
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5.4.2.22 USBD_BULK_PollForRX()

Description
Waits (blocking) until the triggered USBD BULK ReadOver | apped() has received the desired
data.
Prototype
int USBD_BULK_Pol | For RX( USB_BULK_HANDLE hl nst,
unsi gned Ti meout) ;
Parameters
Parameter Description
hl nst Handle to a valid BULK instance, returned by
USBD_BULK_Add() .
Ti meout Ti meout in milliseconds. 0 means infinite.

Return value

=0 Transfer completed.
=1 Ti meout occurred.
<0 An error occurred (e.g. target disconnected)

Additional information

In case of a timeout, the current transfer is not affected. The function may be called
repeatedly until it does not report a timeout any more.

Example

i f (USBD_BULK ReadOverl| apped(hlnst, &ac[0], 50) < 0) {
<.. error handling..>
return;
}
Il
/1 USBD _BULK ReadOverl apped() will return imediately.
/1 Wiile waiting for the data, we will blink a LED with 200 ns interval.
/1 USBD BULK Pol |l ForRX() will return, if all data were read or 100 ns expi red.
Il
while ((r = USBD _BULK Pol | For RX( hl nst, 100)) > 0) {

Toggl eLED() ;

}

if (r <0) {
<.. error handling..>
return;

}
/1 Now we have 50 bytes of data.

/'l Process 50 bytes of data from ac[] here.
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5.4.2.23 USBD_BULK_WaitForTX()

Description

Waits (blocking) until a pending asynchronous USBD BULK Wite() (Ti meout parameter =
-1) has sent the desired data.

Prototype
i nt USBD_BULK_ Wi t For TX(USB_BULK_HANDLE hl nst,
unsi gned Ti meout) ;
Parameters
Parameter Description
hl nst Handle to a valid BULK instance, returned by
USBD_BULK_Add() .
Ti meout Ti meout in milliseconds. 0 means infinite.

Return value

=0 Transfer completed.
=1 Ti meout occurred.
<0 An error occurred (e.g. target disconnected)

Additional information

In case of a timeout, the write transfer is aborted (see Ti neout handling on page 131).
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5.4.2.24 USBD_BULK_PollForTX()

Description

Waits (blocking) until a pending asynchronous USBD BULK Wite() (Ti meout parameter =
-1) has sent the desired data.

Prototype
i nt USBD_BULK_Pol | For TX(USB_BULK_HANDLE hl nst,
unsi gned Ti meout) ;
Parameters
Parameter Description
hl nst Handle to a valid BULK instance, returned by
USBD_BULK_Add() .
Ti meout Ti meout in milliseconds. 0 means infinite.

Return value

=0 Transfer completed.
=1 Ti meout occurred.
<0 An error occurred (e.g. target disconnected)

Additional information

In case of a timeout, the current transfer is not affected. The function may be called
repeatedly until it does not report a timeout any more.

Example

if (USBD BULK Wite(hlnst, &c[0], 50, -1) < 0) {
<.. error handling..>

return;
}
/1
/1 USBD BULK Wite() will return inmediately.
/1 Wiile waiting for the data to be transferred, we will blink a LED with

200 s interval .

/1 USBD BULK Pol | ForTX() will return, if all data were send or 100 ns expired.
Il

while ((r = USBD_BULK_Pol | For TX(hlnst, 100)) > 0) {

Toggl eLED() ;

}

if (r <0) {
<.. error handling..>
return;

}

/1 Now all data have been send.
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5.4.2.25 USBD_BULK_WaitForTXReady()

Description

Waits (blocking) until the TX queue can accept another data packet. This function is
used in combination with a non-blocking call to USBD BULK Wite() , it waits until a new
asynchronous write data transfer will be accepted by the USB stack.

Prototype
i nt USBD_BULK_ Wi t For TXReady( USB_BULK_HANDLE hl nst,
i nt Ti meout ) ;
Parameters
Parameter Description
hl nst Handle to a valid BULK instance, returned by
USBD_BULK_Add() .
, Ti meout in milliseconds. 0 means infinite. If Ti meout is
Ti meout : ) . . -
negative, the function will return immediately.

Return value

=0 A new asynchronous write data transfer will be accepted.

=1 The write queue is full, a call to USBD BULK Wite() would return
USB_STATUS_EP_BUSY.

<0 Error occurred.

Additional information
If Ti meout is 0, the function never returns 1.

If Ti meout is -1, the function will not wait, but immediately return the current state.

Example

/1 Always keep the wite queue full for maxi num send speed.
for (;;) {

pDat a = Get Next Dat a( &NunByt es) ;

/1 Wait until stack can accept a new write.

USBD_BULK Wi t For TxReady( hl nst, 0);

/Il lssue wite transfer.

if (USBD BULK Wite(hlnst, pData, NunmBytes, -1) < 0) {

<.. error handling..>

}

}
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5.4.2.26 USBD_BULK_Write()

Description

Sends data to the USB host. Depending on the Ti meout parameter, the function blocks until
NunByt es have been written or a timeout occurs.

Prototype
int USBD BULK Wi te( USB_BULK_HANDLE  hl nst,
const void * pDat a,
unsi gned NunByt es,
i nt Ti meout) ;
Parameters
Parameter Description
hl nst Handle to a valid BULK instance, returned by
USBD_BULK_Add() .
pDat a Data that should be written.
NunByt es Number of bytes to write.
Ti meout in milliseconds. 0 means infinite. If Ti meout is
Ti meout -1, the function returns immediately and the transfer is
processed asynchronously.

Return value

=0 Successful started an asynchronous write transfer or a timeout
has occurred and no data was written.

> 0 && < NunByt es Number of bytes that have been written before a timeout
occurred.

= NunByt es Write transfer successful completed.

<0 Error occurred.

Additional information

This function also returns when the target is disconnected from host or when a USB reset
occurred.

The USB stack is able to queue a small number of asynchronous write transfers (when
using Ti meout = -1). If a write transfer is still in progress when this function is called
and the USB stack can not accept another write transfer request, the functions returns
USB_STATUS_EP_BUSY. A synchronous write transfer (Ti neout = 0) will always block until
the transfer (including all pending transfers) are finished or a timeout occurs.

In case of a timeout, the write transfer is aborted (see Ti neout handling on page 131).

In order to synchronize, USBD_BULK_Wai t For TX() needs to be
called. Another synchronization method  would be to periodically call
USBD BULK_Get NunByt esRenToW it e() in order to see how many bytes still need to be
written (this method is preferred when a non-blocking solution is necessary). The write
operation can be canceled using USBD BULK Cancel Wite().

If pDat a = NULL and NunByt es = 0, a zero-length packet is sent to the host.
The content of the buffer pointed to by pDat a must not be changed until the transfer has
been completed.

Example

NumBytesWitten = USBD BULK Wite(hlnst, &ac[0], DataSize, 500);
if (NunBytesWitten <= 0) {
<.. error handling..>

}
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if (NunBytesWitten < DataSi ze) {

<.. tinmeout occurred, data partially witten within 500ns ..>
} else {

<.. wite conpleted successfully..>

}

See also USBD_BULK_Get NumByt esReniToW i t e on page 152.
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5.4.2.27 USBD_BULK_WriteAsync()

Description

Sends data to the host asynchronously. The function does not block. A callback function
is called after the transfer has completed successfully, an error occurred or the transfer
was canceled.

Prototype
voi d USBD BULK_W it eAsync( USB_BULK_HANDLE hl nst,
USB_ASYNC_| O CONTEXT * pCont ext,
I8 SendOPacket | f Requi r ed) ;
Parameters
Parameter Description
hl nst Handle to a valid BULK instance, returned by
USBD_BULK_Add() .
Cont ext Pointer to a structure of type USB_ASYNC | O CONTEXT
P containing parameters and a pointer to the callback function.
. Specifies that a zero-length packet shall be sent when the
SendOPacket I f Requi red last data packet is a multiple of MaxPacketSize.

Example

static void _AsyncCb(USB_ASYNC | O CONTEXT * pl CCont ext) {
us *p;
p = (U8 *)pl OCont ext - >pCont ext ;

}

<...>

USB_ASYNC | O_CONTEXT | OCont ext ;

us AsyncConpl et e;

| OCont ext . NunByt esToTr ansfer = 5000;

| OCont ext . pDat a = pBuff;

| OCont ext . pf OnConpl et e = _AsyncCb;

| OCont ext . pCont ext
AsyncConpl ete = 0;
USBD_BULK Wi teAsync(hlnst, & OCContext, 1);
whi |l e (AsyncConplete == 0) {
<.. Do other work. ..>
}
/1 Transaction is conplete.
if (1CContext.Status < 0 || |OContext.NunBytesTransferred != 5000) {
<.. error handling ..>
} else {
<.. data witten successfully ..>

}

<...>

(void *)&AsyncConpl et e;
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5.4.2.28 USBD_BULK_WriteEx()

Description

Send data to the USB host with NULL packet control. This function behaves exactly like
USBD BULK Wi te(). Additionally sending of a zero length packet after sending the data
can be suppressed by setting SendOPacket | f Requi red = 0.

Prototype
int USBD _BULK Wit eEx( USB_BULK_HANDLE  hl nst,
const void * pDat a,
unsi gned NunByt es,
18 SendOPacket | f Requi r ed,
i nt Ti meout) ;
Parameters
Parameter Description
hl nst Handle to a valid BULK instance, returned by
USBD BULK Add() .
pDat a Pointer to a buffer that contains the written data.
NunByt es Number of bytes to write.

Specifies that a zero-length packet shall be sent when the
last data packet is a multiple of MaxPacketSize. Normally
SendOPacket | f Requi red | MaxPacketSize for full-speed devices is 64 bytes. For high-
speed devices the normal packet size is between 64 and 512

bytes.
Ti meout in milliseconds. 0 means infinite. If Ti neout is
Ti meout -1, the function returns immediately and the transfer is

processed asynchronously.

Return value

=0 Successful started an asynchronous write transfer or a timeout
has occurred and no data was written.

> 0 && < NunByt es Number of bytes that have been written before a timeout
occurred.

= NunByt es Write transfer successful completed.

<0 Error occurred.

Additional information

Normally USBD BULK Wite() is called to let the stack send the data to the host and send
an optional zero-length packet to tell the host that this was the last packet. This is the
case when the last packet sent is MaxPacketSize bytes in size. When using this function,
the zero-length packet handling can be controlled. This means the function can be called
when sending data in multiple steps.

Example

/1 for high-speed devices

USBD_BULK Wite(hlnst, _aBufferl, 512, 0);

USBD_BULK Wite(hlnst, _aBuffer2, 512, 0);

USBD_BULK Wite(hlnst, _aBuffer3, 512, 0);

/1 this will send 6 packets to the host with sizes: 512, 0, 512, 0, 512, O
USBD_BULK WiteEx(hlnst, _aBuffer1, 512, 0, 0);

USBD_BULK WiteEx(hlnst, _aBuffer2, 512, 0, 0);

USBD_BULK WiteEx(hlnst, _aBuffer3, 512, 1, 0);

/1 this will send 4 packets to the host with sizes: 512, 512, 512, O
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5.4.3 Data structures

CHAPTER 5 Target API

5.4.3.1 USB_BULK_INIT_DATA

Description
Initialization structure that is needed when adding a BULK interface to emUSB-Device.

Type definition

typedef struct {
U8 EPIn;
Us EPQut;

} USB_BULK_ | NI T_DATA;

Structure members

Member Description
EPI n Endpoint for sending data to the host.
EPQut Endpoint for receiving data from the host.
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5.4.3.2 USB_BULK_INIT_DATA_EX

Description

Initialization structure that is needed when adding a BULK interface to emUSB-Device.

Type definition

typedef struct {

Ul6 Fl ags;
us EPI n;
us EPQut ;

const char * plnterfaceNaneg;
us I nterfaced ass;
us I nt erfaceSubd ass;
us I nt erfaceProtocol ;

} USB_BULK_ | NI T_DATA EX;

Structure members

Member

Description

Various flags. Valid bits:
e USB BULK FLAG USE_CUSTOM CLASS I DS - Allows to set

Fl ags
custom values for the
bInterfaceClass, bInterfaceSubClass and bInterfaceProtocol.
EPI n Endpoint for sending data to the host.
EPQut Endpoint for receiving data from the host.

pl nt er f aceNane

Name of the interface.

I nterfaceC ass

Only used when Fl ags has the
USB_BULK_FLAG USE_CUSTOM CLASS | DS bit set. Allows to
set the USB Class ID to a different value (default is 0xFF).

I nt erfaceSubCl ass

Only used when Fl ags has the

USB BULK FLAG USE CUSTOM CLASS | DS bit set. Allows
to set the USB SubClass ID to a different value (default is
OxFF).

| nt er f acePr ot ocol

Only used when Fl ags has the
USB BULK _FLAG USE CUSTOM CLASS | DS bit set. Allows to
set the USB Protocol ID to a different value (default is OxFF).
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5.5 C Host API

To communicate with the target USB-Bulk stack an API is provided that can be used on
Windows, Linux and macOS systems. This chapter describes the functions of the C API can
be used with the host system.

Note

There is also a C++ API that can be used to communicate to a target running the
BULK class, see C++ Host API

To have an easy start-up when writing an application on the host side, these API functions
have a simple interface and handle all required operations to communicate with the target
USB-Bulk stack.

To use the API in an application the header file USBBULK. h must be included. Depending
on the host operating system used the following components must be added to the host
application:

e Windows: USBBULK. | i b and USBBULK. dI | (These files are provided for 32- and 64-Bit
applications).

e Linux: USBBULK_Li nux. c.

e macOS: USBBULK MacOSX. c.

emUSB-Device User Guide & Reference Manual © 2010-2026 SEGGER Microcontroller GmbH



178 CHAPTER 5

5.5.1 Bulk Host API list

C Host API

The functions below are available on the host (PC) side.

Function

Description

USB-Bulk Basic functions

USBBULK_| ni t ()

This function needs to be called first.

USBBULK_Exi t ()

This is a cleanup function, it shall be called
when exiting the application.

USBBULK _AddAl | owedDevi cel t em()

Adds the Vendor and Product ID to the list
of devices the USBBULK API should look
for.

USBBULK_ Get NunmAvai | abl eDevi ces()

Returns the number of connected USB-
Bulk devices.

USBBULK_Open()

Opens an existing device.

USBBULK Ol ose()

Closes an opened device.

USB-Bulk direct input/output functions

USBBULK_Read()

Reads data from target device running
emUSB-Device-Bulk.

USBBULK_ReadTi med()

Reads data from target device running
emUSB-Device-Bulk within a given
timeout.

USBBULK_W i t e()

Writes data to the device.

USBBULK_W i t eTi med()

Writes data to the device within a given
timeout.

USBBULK Cancel Read()

This cancels an initiated read.

USBBULK_FI ushRx()

Flush the any received data.

USB-Bulk Control functions

USBBULK_Set Mode( )

Sets the read and write mode for a
specified device running emUSB-Device-
Bulk.

USBBULK_Get Mbde( )

Returns the current mode of the device.

USBBULK_Set ReadTi neout ()

Sets the default read timeout for an
opened device.

USBBULK Set Wi teTi meout ()

Sets a default write timeout for an opened
device.

USBBULK Reset | NPi pe()

Resets the IN pipe that is opened to the
device.

USBBULK Reset QUTPI pe()

Resets the OUT pipe that is opened to the
device.

USBBULK Reset Devi ce()

Resets the device via a USB reset.

USB-Bulk general GET functions

USBBULK_Get Ver si on()

Returns the version number of the
USBBULK API.

USBBULK_Get Devl nf o()

Retrieves information about an opened
USBBULK device.

USBBULK_Get Devl nf oByl dx()

Retrieves information about a USB device.

USBBULK_Get USBI d()

Returns the Product and Vendor ID of an
opened device.
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Function Description

Retrieves the device/product name if

USBBULK_Get Pr oduct Nane() available

Retrieves the vendor name of an opened
USBBULK device.

Retrieves the USB serial number as a
USBBULK_ Get SN() string which was sent by the device during
the enumeration.

USBBULK Get Vendor Nane()

Gets the received target USB configuration

USBBULK_Get Conf i gDescri ptor () descriptor of a specified device.

Data structures

USBBULK_DEV_I NFO
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55.2 USB-Bulk basic functions

5.5.2.1 USBBULK_Init()

Description

C Host API

This function needs to be called first. This makes sure to have all structures and thread
have been initialized. It also sets a callback in order to be notified when a device is added

or removed.
Prototype
voi d USBBULK_I ni t (USBBULK_NOTI FI CATI ON_FUNC * pf Notificati on,
voi d * pContext);

Parameters

Parameter Description
pf Noti fication Pointer to the user callback.
pCont ext Context data that shall be called with the callback function.
Example

/*********************************************************************

~

static void _OnDevNotify(void * pContext,
unsi gned | ndex,

USBBULK_DEVI CE_EVENT_ADD
USBBULK_DEVI CE_EVENT_REMOVE

*

* _OnDevNoti fy

*

* Function description:

* I's called when a new device is found or an existing device is renoved.
*

*  Paraneters:

* pContext - Pointer to a context given when USBBULK Init is called
* I ndex - Device Index that has been added or renoved.

* Event - Type of event, currently the follow ng are avail abl e:
*

*

*

*

USBBULK_DEVI CE_EVENT Event) {

switch(Event) {
case USBBULK_DEVI CE_EVENT_ADD:

printf("The foll owi ng Devl ndex has been added: %", |ndex);
NurmDevi ces = USBBULK_Get NumAvai | abl eDevi ces(&Devi ceMask) ;

br eak;
case USBBULK_DEVI CE_EVENT_REMOVE:
printf("The follow ng Devl ndex has been renoved: %", |ndex);
NumDevi ces = USBBULK_Get NumAvai | abl eDevi ces( &Devi ceMask) ;
br eak;
}
}
voi d Mai nTask(void) {
<...>
USBBULK_| nit (_OnDevNotify, NULL);
<...>
}
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5.5.2.2 USBBULK_EXit()

Description

This is a cleanup function, it shall be called when exiting the application.

Prototype

voi d USBBULK_Exit (void);

Additional information

We recommend to call this function before exiting the application in order to remove all
handles and resources that have been allocated.
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5.5.2.3 USBBULK_AddAllowedDeviceltem()

Description
Adds the Vendor and Product ID to the list of devices the USBBULK API should look for.

Prototype

voi d USBBULK_AddAl | onedDevi cel tem(ui nt 16_t Vendorl d,
uint16_t Productld);

Parameters
Parameter Description
Vendor I d The desired Vendor ID mask that shall be used with the
USBBULK API.
Product | d The desired Product ID mask that shall be used with the
USBBULK API.

Additional information

It is necessary to call this function first before calling USBBULK Get NumAvai | abl eDevi ces()
or opening any connection to a device.

The function can be called multiple times to handle more than one pair of Vendor and
Product IDs with the API.

emUSB-Device User Guide & Reference Manual © 2010-2026 SEGGER Microcontroller GmbH



183 CHAPTER 5 C Host API

5.5.2.4 USBBULK_ GetNumAvailableDevices()

Description

Returns the number of connected USB-Bulk devices.

Prototype
unsi gned USBBULK_ Get NumAvai | abl eDevi ces(uint32_t * pMask);
Parameters
Parameter Description
Vs k Pointer to a ui nt 32_t variable to receive the connected
P device mask. This parameter can be NULL.

Return value

Number of available devices running emUSB-Device-Bulk.

Additional information

For each emUSB-Device device that is connected, a bit in pMask is set. For example if device
0 and device 2 are connected to the host, the value pMask points to will be 0x00000005.
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5.5.2.5 USBBULK_Open()

Description

Opens an existing device. The ID of the device can be retrieved by the function
USBBULK Get NunAvai | abl eDevi ces() via the pDevi ceMask parameter. Each bit set in the
DeviceMask represents an available device. Currently 32 devices can be managed at once.

Prototype

USB_BULK_HANDLE USBBULK_Open(unsi gned | d);

Parameters

Parameter

Description

Id

Device ID to be opened (0..31).

Return value

=0 Handle to the opened device.

=0 Error occurred.

emUSB-Device User Guide & Reference Manual © 2010-2026 SEGGER Microcontroller GmbH



185 CHAPTER 5 C Host API

5.5.2.6 USBBULK_ Close()

Description

Closes an opened device.

Prototype
voi d USBBULK_Cl ose(USB_BULK_HANDLE hDevi ce);
Parameters
Parameter Description
hDevi ce Handle to the device that shall be closed.

emUSB-Device User Guide & Reference Manual © 2010-2026 SEGGER Microcontroller GmbH



186 CHAPTER 5 C Host API

5.5.3 USB-Bulk direct input/output functions

5.5.3.1 USBBULK_Read()

Description

Reads data from target device running emUSB-Device-Bulk.

Prototype
int USBBULK_ Read(USB_BULK_HANDLE  hDevi ce,
voi d * pBuffer,
i nt NumByt es) ;
Parameters
Parameter Description
hDevi ce Handle to the opened device.
pBuf f er Pointer to a buffer that shall receive the data.
NunByt es Number of bytes to be read.
Return value
= NunByt es All bytes have been successfully read.
> 0, < NunByt es Number of bytes that have been read. If short read transfers are
not allowed (normal mode) this indicates a timeout.
=0 A timeout occurred, no data was read.
<0 Error occurred.

Additional information

If short read transfers are allowed (see USBBULK_ Set Mode() ) the function returns as soon
as data is available, even if just a single byte was read. Otherwise the function blocks until
NunByt es were read. In both cases the function returns if a timeout occurs. The default
timeout used can be set with USBBULK_Set ReadTi neout () .

If NunByt es exceeds the maximum read size the driver can handle (the default value is
64 Kbytes), USBBULK Read() will read the desired NunByt es in chunks of the maximum
read size.
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5.5.3.2 USBBULK_ReadTimed()

Description

Reads data from target device running emUSB-Device-Bulk within a given timeout.

Prototype
i nt USBBULK_ReadTi med( USB_BULK_HANDLE  hDevi ce,
voi d * pBuffer,
i nt NunByt es,
unsi gned ns);
Parameters
Parameter Description
hDevi ce Handle to the opened device.
pBuf f er Pointer to a buffer that shall receive the data.
NunByt es Maximum number of bytes to be read.
ns Timeout in milliseconds.
Return value
>0 Number of bytes that have been read.
=0 A timeout occurred during read.
<0 Error, cannot read from the device.

Additional information

The function returns as soon as data is available, even if just a single byte was read. If no
data is available, the functions return after the given timeout was expired.

If NunByt es exceeds the maximum read size the driver can handle (the default value is 64
Kbytes), USBBULK _ReadTi ned() will read the desired NunByt es in chunks of the maximum
read size.
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5.5.3.3 USBBULK_Write()

Description

Writes data to the device.

Prototype
int USBBULK Wite( USB_BULK_HANDLE  hDevi ce,

const void * pBuffer,

i nt NunmByt es) ;
Parameters
Parameter Description
hDevi ce Handle to the opened device.
pBuf f er Pointer to a buffer that contains the data.
NUNBYE es Number of bytes to be written. If NunByt es = 0, a zero
Y length packet is written to the device.

Return value

= NunByt es All bytes have been successfully written.
> 0, < NunByt es Number of bytes that have been written.
=0 A timeout occurred, no data was written.
<0 Error, cannot write to the device.

Additional information

The function blocks until NunByt es were written or a timeout occurs. The default timeout
used can be set with USBBULK_Set Wi t eTi neout () .

If NunByt es exceeds the maximum write size the driver can handle (the default value is
64 Kbytes), USBBULK Wi te() will write the desired NunByt es in chunks of the maximum
write size.
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5.5.3.4 USBBULK_WriteTimed()

Description

Writes data to the device within a given timeout.

Prototype
int USBBULK WiteTi med( USB_BULK_HANDLE  hDevi ce,
const void * pBuffer,
i nt NunByt es,
unsi gned ns) ;
Parameters
Parameter Description
hDevi ce Handle to the opened device.
pBuf f er Pointer to a buffer that contains the data.
NUNBYE es Number of bytes to be written. If NunByt es = 0, a zero
Y length packet is written to the device.
ns Timeout in milliseconds.

Return value

= NunByt es All bytes have been successfully written.
> 0, < NunByt es Number of bytes that have been written.
=0 A timeout occurred, no data was written.
<0 Error, cannot write to the device.

Additional information
The function blocks until NunByt es were written or a timeout occurs.

If NunByt es exceeds the maximum write size the driver can handle (the default value is 64
Kbytes), USBBULK_W i t eTi med() will write the desired NunByt es in chunks of the maximum
write size.
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5.5.3.5 USBBULK_ CancelRead()

Description

This cancels an initiated read.

Prototype
voi d USBBULK_Cancel Read( USB_BULK_HANDLE hDevi ce);
Parameters
Parameter Description
hDevi ce Handle to the opened device.

Additional information
Not supported on Linux and MacOSX.
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5.5.3.6 USBBULK_FlushRx()

Description

Flush the any received data.

Prototype

i nt USBBULK_FI ushRx( USB_BULK_HANDLE hDevi ce)

Parameters
Parameter Description
hDevi ce Handle to the opened device.

Return value

=0 Error, bad handle.
+#0 Success, flushing the RX buffer was successful.
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55.4 USB-Bulk control functions

5.5.4.1 USBBULK_ SetMode()

Description

Sets the read and write mode for a specified device running emUSB-Device-Bulk.

Prototype
unsi gned USBBULK_Set Mbde( USB_BULK_HANDLE hDevi ce,
unsi gned Mode) ;
Parameters
Parameter Description
hDevi ce Handle to the opened device.
Read and write mode for the USB-Bulk driver. This is a
Vbde combination of the following flags, combined by binary or:
e USBBULK MODE Bl T_ALLOW SHORT_READ
e USBBULK_MODE Bl T_ALLOW SHORT_WRI TE

Return value

=0 Operation failed (invalid handle).
0 The operation was successful.

Additional information

USBBULK_MODE_BI T_ALLOW SHORT_READ allows short read transfers. Short transfers are
transfers of less bytes than requested. If this bit is specified, the read function
USBBULK_Read() returns as soon as data is available, even if it is just a single byte.

USBBULK_MODE_BI T_ALLOW SHORT_WRI TE allows short write transfers. USBBULK Wit e()
and USBBULK Wi teTimed() return after writing the minimal amount of data (either
NumBytes or the maximal write transfer size).

Example

static void _Test Mode(USB_BULK_HANDLE hDevi ce) {
unsi gned Mbdde;
char * pText;
Mode = USBBULK_Get Mbde( hDevi ce) ;
if (Mbde & USBBULK_MODE_BI T_ALLOW SHORT_READ) {

pText = "USE_SHORT_MODE";
} else {
pText = "USE_NORVAL_MODE";

}

printf("USB-Bulk driver is in % for device %\n", pText, (int)hDevice);
printf("Set node to USBBULK_MODE_BI T_ALLOW SHORT_READ\ n");

USBBULK_Set Mbde( hDevi ce, USBBULK_MODE_BI T_ALLOW SHORT_READ) ;

Mode = USBBULK_Get Mbde( hDevi ce) ;

if (Mbde & USBBULK_MODE_BI T_ALLOW SHORT_READ) {

pText = "USE_SHORT_MODE";
} else {
pText = "USE_NORVAL_MODE";

}
printf("USB-Bulk driver is nowin % for device %\ n", pText, (int)hDevice);

emUSB-Device User Guide & Reference Manual © 2010-2026 SEGGER Microcontroller GmbH



193 CHAPTER 5 C Host API

5.5.4.2 USBBULK_ GetMode()

Description

Returns the current mode of the device.

Prototype
unsi gned USBBULK_ Get Mbde( USB_BULK_HANDLE hDevi ce) ;
Parameters

Parameter Description
hDevi ce Handle to the opened device.

Return value

A combination of the following flags, combined by binary or:

e USBBULK MODE BI T _ALLOW SHORT READ - Short read mode is enabled.
e USBBULK MODE BI T _ALLOW SHORT WRI TE - Short write mode is enabled.
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5.5.4.3 USBBULK_ SetReadTimeout()

Description

Sets the default read timeout for an opened device.

Prototype
voi d USBBULK_Set ReadTi neout (USB_BULK_HANDLE hDevi ce,
i nt Ti meout) ;
Parameters
Parameter Description
hDevi ce Handle to the opened device.
Ti meout Ti meout in milliseconds.
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5.5.4.4 USBBULK_ SetWriteTimeout()

Description

Sets a default write timeout for an opened device.

Prototype
voi d USBBULK_Set Wit eTi neout (USB_BULK_HANDLE hDevi ce,
i nt Ti meout ) ;
Parameters
Parameter Description
hDevi ce Handle to the opened device.
Ti meout Ti meout in milliseconds.
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5.5.4.5 USBBULK_ResetINPipe()

Description

Resets the IN pipe that is opened to the device. It also flushes any data the USB bulk driver

would cache.

Prototype
i nt USBBULK_ Reset | NPi pe( USB_BULK_HANDLE hDevi ce);
Parameters

Parameter Description
hDevi ce Handle to the opened device.

Return value

=0 The operation was successful.
=0 Operation failed. Either an invalid handle was used or the pipe cannot be
flushed.
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5.5.4.6 USBBULK ResetOUTPipe()

Description
Resets the OUT pipe that is opened to the device.

Prototype
i nt USBBULK_Reset OUTPi pe( USB_BULK_HANDLE hDevi ce) ;
Parameters

Parameter Description
hDevi ce Handle to the opened device.

Return value

=0 The operation was successful.
=0 Operation failed. Either an invalid handle was used or the pipe cannot be
flushed.
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5.5.4.7 USBBULK_ ResetDevice()

Description

Resets the device via a USB reset. This can be used when the device does not work properly
and may be reactivated via USB reset. This will force a re-enumeration of the device.

Prototype
i nt USBBULK_ Reset Devi ce( USB_BULK_HANDLE hDevi ce);
Parameters

Parameter Description
hDevi ce Handle to the opened device.

Return value

=0 The operation was successful.
=0 Operation failed. Either an invalid handle was used or the device cannot be
reset.

Additional information

After the device has been reset it is necessary to re-open the device as the current handle
will become invalid.
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5.5.5 USB-Bulk general GET functions

5.5.5.1 USBBULK_GetVersion()

Description
Returns the version number of the USBBULK API.

Prototype

unsi gned USBBULK_ Get Ver si on(voi d);

Return value
Version number, format:
< Major Version><Minor Version><Subversion> (Mmmrr, decimal).

Example: 30203 is 3.02c
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5.5.5.2 USBBULK_ GetDevinfo()

Description

Retrieves information about an opened USBBULK device.

Prototype

voi d USBBULK_ Get Devl nf o( USB_BULK_HANDLE ~ hDevi ce,
USBBULK_DEV_| NFO * pDevl nf o) ;

Parameters
Parameter Description
hDevi ce Handle to the opened device.
pDevl nf o Pointer to a device info structure of type USBBULK _DEV_I NFO.
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5.5.5.3 USBBULK_GetDevinfoByldx()

Description

Retrieves information about a USB device.

Prototype
i nt USBBULK_Cet Devl nf oByl dx(unsi gned I dx,
USBBULK_DEV_I NFO * pDevl nf 0) ;
Parameters
Parameter Description
I dx Index of the device.
pDevl nf o Pointer to a device info structure of type USBBULK _DEV_I NFO.

Return value

=0; Error, bad device index.
0 Success
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5.5.5.4 USBBULK_GetUSBId()

Description

Returns the Product and Vendor ID of an opened device.

Prototype
voi d USBBULK_Get USBI d( USB_BULK_HANDLE  hDevi ce,
uint16_t * pVendorld,
uint16_t * pProductld);
Parameters
Parameter Description
hDevi ce Handle to the opened device.
pVendor | d Pointer to a variable that receives the Vendor ID.
pProduct I d Pointer to a variable that receives the Product ID.
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5.5.5.5 USBBULK_ GetProductName()

Description

Retrieves the device/product name if available.

Prototype
i nt USBBULK_Get Product Nane(USB_BULK_HANDLE  hDevi ce,
char * sProduct Nane,
unsi gned Buf f er Si ze) ;
Parameters
Parameter Description
hDevi ce Handle to the opened device.
sProduct Nane Pointer to a buffer that should receive the string.
Buf fer Si ze Size of the buffer, given in bytes.
Return value
=0 Error, product name not available or buffer to small.
*0 Success, product name stored in buffer pointed by sPr oduct Nane as O-

terminated string.
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5.5.5.6 USBBULK_ GetVendorName()

Description

Retrieves the vendor name of an opened USBBULK device.

Prototype
i nt USBBULK_Cet Vendor Name( USB_BULK_HANDLE  hDevi ce,
char * sVendor Nane,
unsi gned Buf f er Si ze) ;
Parameters
Parameter Description
hDevi ce Handle to the opened device.
sVendor Nane Pointer to a buffer that should receive the string.
Buf fer Si ze Size of the buffer, given in bytes.
Return value
=0 Error, bad handle.
*0 Success, vendor name stored in buffer pointed by sVendor Nane as 0-terminated

string.
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5.5.5.7 USBBULK_GetSN()

Description

Retrieves the USB serial nhumber as a string which was sent by the device during the
enumeration.

Prototype
i nt USBBULK_Get SN(USB_BULK_HANDLE  hDevi ce,

ui nt 8_t * pBuffer,
unsi gned Buf f Si ze) ;

Parameters

Parameter Description

hDevi ce Handle to the opened device.

Pointer to a buffer which shall receive the serial number of
the device.

Buf f Si ze Size of the buffer in bytes.

pBuf f er

Return value

=0 Operation failed. Either an invalid handle was used or the serial humber is not
available.
*0 The operation was successful.

Additional information

If the function succeeds, the buffer pointed by pBuf f er contains the serial number of the
device as O-terminated string. If Buf f Si ze is too small, the serial number is truncated.

emUSB-Device User Guide & Reference Manual © 2010-2026 SEGGER Microcontroller GmbH



206 CHAPTER 5 C Host API

5.5.5.8 USBBULK_GetConfigDescriptor()

Description

Gets the received target USB configuration descriptor of a specified device.

Prototype
i nt USBBULK_Cet Confi gDescri ptor (USB_BULK_HANDLE  hDevi ce,
voi d * pBuffer,
i nt Si ze);
Parameters
Parameter Description
hDevi ce Handle to the opened device.
pBuf f er Pointer to the buffer that shall store the descriptor.
Si ze Si ze of the buffer, given in bytes.
Return value
*0 Si ze of the returned USB configuration descriptor (Success).
=0 Operation failed. Either an invalid handle was used or the buffer that shall store

the config descriptor is too small.
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55.6 USB-Bulk data structures
5.5.6.1 USBBULK_DEV_INFO

Type definition

typedef struct {
uint16_t Vendorld,;
uint1l6_t Productld;

char acSN 1;
char acDevNane[];
uint8_t I nterfaceNo;

uint8_t Speed;
} USBBULK_DEV_| NFO

Structure members

C Host API

Member Description
Vendor 1 d Vendor ID of the device.
Product | d Product ID of the device.
2cSN 0-terminated string which holds the serial number of the
device.
acDevNane 0-terminated string which holds the device name.
I nterfaceNo Interface number used by this device.
Device speed. One of the following:
USBBULK_SPEED _UNKNOMN
Speed USBBULK _SPEED LOW
P USBBULK_SPEED FULL
USBBULK_SPEED HI GH
USBBULK_SPEED SUPER
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Chapter 6
Vendor Specific Class (VSC)

This chapter describes how to get emUSB-Device-VSC up and running.

Vendor
-~
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6.1 Vendor Specific Class

The Vendor Specific Class (VSC) is located in the directory USB. All C files in the directory
should be included in the project (compiled and linked as part of your project). The files in
this directory are maintained by SEGGER and should not require any modification. All files
requiring modifications have been placed in other directories.
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6.2 Requirements for the Host (PC)

In order to communicate with a target (client) running emUSB-Device, the operating system
running on the host must recognize the device connected to it.

6.2.1 Windows

Microsoft’s Windows operating systems (Starting with XP Service Pack 2) contains a generic
driver called WinUSB.sys that is used to handle all communication to a emUSB-Device
running a VSC interface. If a emUSB device is connected to a Windows 8, 8.1 and 10 PC for
the first time, Windows will install the WinUSB driver automatically. For Windows versions
less than Windows 8, Microsoft provides a driver for Windows Vista and Windows 7 but
this needs to be installed manually. A driver installation tool including the mentioned driver
is available in the W ndows\ USB\ VSC\ W nUSBI nst al | . Windows XP user can use the driver
package located under W ndows\ USB\ VSC\ W nUSB_USBVSC_XP. In order to get emUSB VSC
running with the WinUSB driver the following must be considered:

e The function USBD VSC Set MSDescl nf o() must be called in the target application.
e The Product IDs 1234 and 1121 must not be used.

6.2.2 Linux

Linux can handle emUSB VSC devices out of the box.

By default a USB device can only be accessed by a process that is running with “root”
rights. In order to use the USB VSC device from normal user programs an udev rule has to
be configured for the device (refer to the linux udev documentation). The emUSB-Device
release contains a sample configuration file 99- emJSBD. r ul es, which may be modified and
copied to /etc/udev/rules.d on the host machine.

6.2.3 macOS

macOS can handle emUSB VSC devices out of the box.

emUSB-Device User Guide & Reference Manual © 2010-2026 SEGGER Microcontroller GmbH



211 CHAPTER 6 Example application

6.3 Example application

Example applications for both the target (client) and the PC (host) are supplied. These
can be used for testing the correct installation and proper function of the device running
emUSB-Device.

The host sample applications can be wused for Windows, Linux and MacOSX.
Precompiled executables for Windows can be found in the subfolder W ndows/ USB/ Bul k/
Sanpl eAppl i cati on/ Exe.

The application USB_VSC Start. c is a modified echo server; the application receives data,
modifies the first byte and sends it back to the host. It also contains the functionality to
measure USB transfer speed.

USB
connection

Target, running Host (PC),
USB_VSC_ Start.c running Test.exe

The example applications for the target-side are supplied in source code in the Appl i cati on
directory.

For information how to compile the host examples (especially for Linux and MacOSX) refer
to Compiling the PC example application on page 140.

The start application will of course later on be replaced by the real application program.
For the purpose of getting emUSB-Device up and running as well as doing an initial test,
the start application should not be modified.

6.3.1 Running the example applications

To test the emUSB-Device-VSC component, build and download the USB VSC Start.c for
the target-side.

To run one of the example applications, simply start the executable Test . exe, for example
by double clicking it.

If a connection can be established, it exchanges data with the target, testing the USB
connection.

Example output of Test . exe:
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ng rxvt

$ Exer/Test =

Found 1 device
Found the following device O:
Yendor Mame : Vendor
Froduct Mame: Bulk test
Serial no. r 13245678
To which dewvice do you want to connect?
Please type in device rnumber (e.g. '0' for the first device, gsa for abort):0
Echo test
Operation successful!

Read speed test

FPerformance: 6145 ms for 256 MB
= 42659 kB / second

Write speed test

FPerformance: 6144 ms for 236 MB
= 4Zp66 kB / second

Echo test
Operation successful!

Communication with USE BULK device was successful!
FPress enter to exit.ll

6.3.2 Compiling the PC example application

6.3.2.1 Windows

For compiling the example application you need Visual C++ 2015 (or later).

The source code of the sample application is located in the subfolder W ndows/ USB/ BULK/
USBVAPI _Sanpl eAppl i cati on/ Src. Open the file USBVAPI _Sanpl es. sl n and compile the
source.

6.3.2.2 Linux

The subfolder W ndows/ USB/ Bul k/ USBVAPI _Sanpl eAppl i cati on contains a Makefile for
Linux. Change to this folder and execute “make”.

6.3.2.3 macOS

The subfolder W ndows/ USB/ Bul k/ USBVAPI _Sanpl eAppl i cati on contains a Makefile for
macOS. Change to this folder and execute “make -f Makefil e_MacCOS".
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6.4 Target API

This chapter describes the functions that can be used with the target system.

General information

To communicate with the host, the sample application project includes USB-specific header
and source files (USB. h, USB_Mai n. c, USB_Set up. c, USB_VSC. ¢, USB_VSC. h). These files
contain API functions to communicate with the USB host through the emUSB-Device driver.

Purpose of the USB Device API functions

To have an easy start up when writing an application on the device side, these API functions
have a simple interface and handle all operations that need to be done to communicate
with the hosts kernel.

Therefore, all operations that need to write to or read from the emUSB-Device are handled
internally by the provided API functions.

6.4.1 Target interface function list

Routine ‘ Explanation
USB VSC functions
USBD _VSC Add() Adds a VSC interface to emUSB-Device.
USBD VSC_AddAl t er nat el nt er f ace() Adds an alternative interface for USB-VSC
interface.

Cancels any non-blocking/blocking data

USBD_VSC_Cancel 1 () transfer operation that is pending.

Returns the number of bytes that are
USBD VSC Get NunByt esl nBuf fer () available in the internal BULK-OUT
endpoint buffer.

Get the number of remaining bytes to read

USBD _VSC Get NunByt esRemToRead() by an active read operation.

After starting a non-blocking write
operation this function can be used to
periodically check how many bytes still
have to be written.

USBD VSC CGet NunByt esRemToW it e()

USBD_VSC Read() Reads data from the host with a given

timeout.
USBD VSC ReadAsync() Reads data from the host asynchronously.
USBD_VSC Set Cont i nuousReadMode() E:ggloei?]tcontlnuous read mode for the RX

Sets a callback function that is called when

USBD_VSC_Set OnSet upRequest () any setup request is sent from the host.

Sets a callback function for the IN
USBD_VSC Set OnEPEvent () endpoint that will be called on every TX
event for that endpoint.

Checks whether the TX (IN endpoint) is
currently pending.

USBD _VSC _TxI sPendi ng()

Waits (blocking) until the triggered
USBD_VSC Wi t EP() USBD VSC ReadOver | apped() has received
the desired data.

Waits (blocking) until the triggered
USBD_VSC Pol | EP() USBD VSC ReadOver| apped() has received
the desired data.
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Routine

Explanation

USBD_VSC_St al | EP()

Stall an EP.

USBD_VSC Wi t For TXReady( )

Waits (blocking) until the TX queue can
accept another data packet.

USBD_VSC Wi te()

Sends data to the USB host.

USBD VSC WiteAsync()

Sends data to the host asynchronously.

USBD _VSC Set OnVendor Request ()

Sets a callback function that is called when
a setup vendor request is sent from the
host to the specified interface index.

USBD VSC Set OnSet upRequest ()

Sets a callback function that is called when
any setup request is sent from the host.

USBD VSC Set OnCl assRequest ()

Sets a callback function that is called when
a setup class request is sent from the host
to the specified interface index.

USBD_VSC _AddAl ternatel nterface()

Adds an alternative interface for USB-VSC
interface.

Data structures and callbacks

USB_VSC_| NI T_DATA

Initialization structure that is needed when
adding a VSC interface to emUSB-Device.

USB_VSC_MSOSDESC | NFO

MS OS descriptor structure that contains
for MS related OSes information how to
deal with device with out having a driver
store.

USB_VSC_ON_ADD_FUNCTI ON_DESC

Call back that is used to add an additional
descriptor between the interface or one
of its alternate setting descriptor and the
endpoint descriptor(s).

USB_VSC_ON_SET_I| NTERFACE

Global callback function that is called
whenever an alternate setting is set
for an interface that was added with
USBD_VSC_Add() .
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6.4.2 USB-VSC functions
6.4.2.1 USBD _VSC_Add()

Description
Adds a VSC interface to emUSB-Device.

Prototype
USB_VSC_HANDLE USBD_VSC_Add(const USB_VSC_ | NI T_DATA * plnitData);
Parameters
Parameter Description
pl ni t Dat a Pointer to USB_VSC | NI T_DATA structure.

Return value

Handle to a valid VSC instance.

Example
Example excerpt from USB_VSC Echol. c:

Example

static void _AddVSC(void) {

static U8 _abQutBuffer[ USB_HS BULK MAX PACKET_SI ZE] ;

USB VSC INIT DATA Init;

Init.Flags = 0;

Init. EPIn USBD AddEP(USB_DI R I N,
USB_TRANSFER TYPE BULK,
USB HS BULK MAX PACKET_SI ZE,
NULL,
0);

Init. EPCQut = USBD AddEP(USB_DI R_QUT,
USB_TRANSFER TYPE BULK,
USB HS BULK MAX PACKET_SI ZE,
_abQut Buf f er,
USB_HS BULK _MAX_PACKET_SI ZE) ;

Init.plnterfaceName = "VSC I nterface";

USBD_VSC Add(&l nit);

emUSB-Device User Guide & Reference Manual © 2010-2026 SEGGER Microcontroller GmbH



216 CHAPTER 6 Target API

6.4.2.2 USBD_VSC_AddAlternatelnterface()

Description
Adds an alternative interface for USB-VSC interface.

Prototype
voi d USBD_VSC _AddAl ternat el nterface( USB_VSC HANDLE hl nst,
const USB_VSC | NI T_DATA * plnitData);
Parameters
Parameter Description
hl nst Handle to a valid VSC instance, returned by
USBD_VSC_Add() .
pl ni t Dat a Pointer to USB_VSC | NI T_DATA structure.

emUSB-Device User Guide & Reference Manual © 2010-2026 SEGGER Microcontroller GmbH



217 CHAPTER 6 Target API

6.4.2.3 USBD_VSC_CancellO()

Description

Cancels any non-blocking/blocking data transfer operation that is pending.

Prototype
voi d USBD_VSC Cancel | (U8 EPI ndex) ;
Parameters
Parameter Description
EPI ndex A valid EP Index that was also passed to USBD VSC Add() .

Additional information

This function shall be called when a pending asynchronous transfer operation should
be canceled. The function can be called from any task. In case of canceling a blocking
operation, this function must be called from another task.
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6.4.2.4 USBD_VSC_GetNumBytesIinBuffer()

Description

Returns the number of bytes that are available in the internal BULK-OUT endpoint buffer.
This function does not start a read transfer.

Prototype
unsi gned USBD_VSC_Get NunByt esl nBuf f er (U8 EPI ndex) ;
Parameters
Parameter Description
EPI ndex A valid EP Index that was also passed to USBD VSC Add() .

Return value
Number of bytes that are available in the internal BULK-OUT endpoint buffer.

Additional information

If the host is sending more data than your target application has requested, the remaining
data will be stored in an internal buffer. This function shows how many bytes are available
in this buffer.

The number of bytes returned by this function can be read using USBD VSC Read() without
blocking.
Example

Your host application sends 50 bytes. Your target application only requests to receive 1 byte.
In this case the target application will get 1 byte and the remaining 49 bytes are stored in an
internal buffer. When your target application now calls USBD_VSC Get NunByt esl nBuf f er ()
it will return the number of bytes that are available in the internal buffer (49).
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6.4.25 USBD _VSC GetNumBytesRemToRead()

Description

Get the number of remaining bytes to read by an active read operation. This function is
to be used in combination with USBD VSC Read() where Timeout=-1. After starting the
read operation this function can be used to periodically check how many bytes still have

to be read.
Prototype
unsi gned USBD_VSC_Get NumByt esRenfToRead( U8 EPI ndex) ;
Parameters
Parameter Description
EPI ndex A valid EP Index that was also passed to USBD VSC Add() .

Return value

>0 Number of bytes which have not yet been read.
<0 Error occurred.

Additional information
Alternatively the blocking function USBD VSC Wi t For RX() can be used.

Example

NunmByt esRecei ved = USBD VSC Read(hlnst, &ac[0], 50, -1, 0);
i f (NunBytesReceived < 0) {
<.. error handling..>
}
i f (NunBytesReceived > 0) {
/1l Already had sonme data in the internal buffer.
/1 The first 'NunBytesReceived bytes nmay be processed here.
<,...>
} else {
/1 Wit until we get all 50 bytes
whi |l e (USBD_VSC _Get NunByt esRenTToRead( hl nst) > 0) {
USB_GOS_Del ay(50);
}
}
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6.4.2.6 USBD_VSC GetNumBytesRemToWrite()

Description

After starting a non-blocking write operation this function can be used to periodically check
how many bytes still have to be written.

Prototype
unsi gned USBD_VSC_Get NunByt esRenToW it e( U8 EPI ndex) ;
Parameters
Parameter Description
EPI ndex A valid EP Index that was also passed to USBD VSC Add() .

Return value

Number of bytes which have not yet been written.

Additional information
Alternatively the blocking function USBD VSC Wi t For TX() can be used.

Example

r = USBD VSC Wite(hlnst, &uc[0], TRANSFER SIZE, -1);
if (r <0) {
<.. error handling..>

}

/1 NunByt esToWite shows how many bytes still have to be witten.
whil e (USBD_VSC Get NunByt esReniToWite(hlnst) > 0) {

USB_OS_Del ay(50);
}
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6.4.2.7 USBD_VSC_Read()

Description

Reads data from the host with a given timeout.

emUSB-Device User Guide & Reference Manual

Prototype
int USBD_VSC Read( U8 EPI ndex,
voi d * pDat a,
unsi gned NurByt es,
i nt Ti meout ,
unsi gned Fl ags) ;
Parameters
Parameter Description
EPI ndex One of the EPI ndex was used in pl ni t Dat a when calling
USBD_VSC_Add() .
pDat a Pointer to a buffer where the received data will be stored.
NunByt es Number of bytes to read.
Ti meout in milliseconds. 0 means infinite. If Ti neout is
Ti meout -1, the function returns immediately and the transfer is
processed asynchronously.
Various flags:
e USB VSC READ FLAG RECEIVE - This turns the read
Fl aas function in a the receive mode.
9 e USB VSC READ FLAG POLL - Can only be used with the
USB_VSC READ FLAG RECEI VE.
This function will not abort the transfer in case of a timeout.

Return value

= NunByt es
> 0 && < NunByt es

Requested data was successfully read within the given timeout.
Ti meout has occurred. Number of bytes that have been read
within the given timeout.

<0 Error occurred.

Additional information
¢ Normal mode:

This function blocks a task until all data have been read or a timeout expires. This function
also returns when the device is disconnected from host or when a USB reset occurs.

If the USB stack receives a data packet from the host containing more bytes than requested,
the remaining bytes are stored into the internal buffer of the endpoint, that was provided
via USBD_AddEP() . This data can be retrieved by a later call to USBD_VSC Read() . See also
USBD_VSC_Get NunmByt esl nBuffer ().

When Ti meout = -1 the read transfer will be initiated and the function returns immediately.
In order to synchronize, USBD VSC Wit ForRX() needs to be called. Alternatively
the function USBD VSC Get NunByt esRenifoRead() can be called periodically to check
whether all bytes have been read or not. The read operation can be canceled using
USBD_VSC Cancel (). The buffer pointed to by pDat a must be valid until the read operation
is terminated.

In case of a timeout, the read transfer is aborted (see Ti neout handling on page 131).

If a read transfer was still pending while the function is called, it returns
USB_STATUS EP_BUSY.

e Receive mode:
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If no error occurs, this function returns the number of bytes received. Calling
USBD_VSC Read() will return as much data as is currently available -- up to the size of the
buffer specified. This function also returns when the target is disconnected from the host or
when a USB reset occurred during the function call, it will then return USB_STATUS_ERROCR.

If a read transfer was pending while the function is called, it returns USB_STATUS_EP_BUSY.

If the USB stack receives a data packet from the host containing more bytes than requested,
the remaining bytes are stored into the internal buffer of the endpoint, that was provided
via USBD_AddEP() . This data can be retrieved by a later call to USBD_VSC Read() . See also
USBD_VSC Get NunByt esl nBuffer ().

A call of USBD_VSC Read( EPI ndex, NULL, 0, -1, USB_VSC ) can be used to trigger an
asynchronous read that stores the data into the internal buffer.

e Receive in polled mode:

In contrast to receive mode this function will continue the read transfer asynchronously in
case of a timeout.
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6.4.2.8 USBD_VSC_ReadAsync()

Description

Reads data from the host asynchronously. The function does not wait for the data to be
received. A callback function is called after the transfer has completed successfully, an error
occurred or the transfer was canceled.

Prototype
voi d USBD_VSC_ReadAsync( U8 EPI ndex,
USB_ASYNC | O CONTEXT * pCont ext,
i nt Short Read) ;
Parameters
Parameter Description
EPI ndex A valid OUT EP Index that was also passed to
USBD_VSC_Add() .
Cont ext Pointer to a structure of type USB_ASYNC | O CONTEXT
P containing parameters and a pointer to the callback function.
e 0: The transfer is completed successfully after all bytes
Shor t Read have been read.
e 1: The transfer is completed successfully after one packet
has been read.
Example
static void _AsyncCb(USB_ASYNC | O CONTEXT * pl CCont ext) {
us *p;
p = (U8 *)pl OCont ext - >pCont ext ;
}
<, ..>

USB_ASYNC | O_CONTEXT | OCont ext ;

us AsyncConpl et e;

| OCont ext . NunByt esToTr ansfer = 5000;

| OCont ext . pDat a = pBuff;

| OCont ext . pf OnConpl et e = _AsyncCb;

| OCont ext . pCont ext
AsyncConpl ete = 0;
USBD_VSC ReadAsync(hl nst, & OContext, O0);
whi |l e (AsyncConplete == 0) {
<.. Do other work. ..>
}
/1 Transaction is conplete.
if (1CContext.Status < 0 || |OContext.NunBytesTransferred != 5000) {
<.. error handling ..>
} else {
<.. Process the data ..>

}

<...>

(void *)&AsyncConpl et e;
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6.4.2.9 USBD_VSC_ SetContinuousReadMode()

Description

Enables continuous read mode for the RX endpoint. In this mode every finished read transfer
will automatically trigger another read transfer, as long as there is enough space in the
internal buffer to receive another packet.

Prototype
voi d USBD_VSC_Set Cont i nuousReadMode( U8 EPI ndex) ;
Parameters
Parameter Description
EPI ndex A valid EP Index that was also passed to USBD VSC Add() .

Additional information

To check how many bytes have been read into the buffer, the function
USBD _VSC Get NunByt esl nBuf f er () may be called. In order to read the data the function
USBD _VSC Read() needs to be called (non-blocking).

The USB stack will use the buffer that was provided by the application with USBD_AddEP() .
The transfer speed may be improved, if this buffer has a size of at least 2 * MaxPacketSize.
Normally MaxPacketSize for full-speed devices is 64 bytes and for high-speed devices 512
bytes.

Example

USBD_VSC_Set Cont i nuousReadMode( hl nst) ;
<...>
for(;;) {
Il
/1l Fetch data that was already read (non-bl ocking).
Il
NunmByt esRecei ved = USBD VSC_Read(hl nst, &ac[0], sizeof(ac), -1, USB_VSC READ FLAG POLL);
i f (NunBytesReceived > 0) {
Il
/1l W\ got sone data
Il
<.. Process data..>
} else {
<.. Nothing received yet, do application processing..>
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6.4.2.10 USBD VSC_SetOnSetupRequest()

Description

Sets a callback function that is called when any setup request is sent from the host.

Prototype

voi d USBD_VSC_Set OnSet upRequest (USB_VSC HANDLE  hl nst,
USB_ON_SETUP  * pf OnSet upRequest);

Parameters
Parameter Description
hl nst Handle to a valid VSC instance, returned by
USBD_VSC Add() .
pf OnSet upRequest Pointer to the callback function.
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6.4.2.11 USBD_VSC_SetOnEPEvent()

Description
Sets a callback function for the IN endpoint that will be called on every TX event for that
endpoint.
Prototype
voi d USBD_VSC_Set OnEPEvent ( U8 EPI ndex,
USB_EVENT_CALLBACK * pEvent Cb,
USB_EVENT_CALLBACK_FUNC * pf Event Cb,
voi d * pContext);
Parameters
Parameter Description
EPI ndex A valid EP Index that was also passed to USBD VSC Add() .
Event Cb Pointer to a USB_EVENT CALLBACK structure. The structure is
P initialized by this function.
f Event Cb Pointer to the callback routine that will be called on every
P event on the USB endpoint.
Cont ext A pointer which is used as parameter for the callback
P function.

Additional information

The USB_EVENT_CALLBACK structure is private to the USB stack. It will be initialized by
USBD_VSC Set OnEPEvent () . The USB stack keeps track of all event callback functions using
a linked list. The USB_EVENT_CALLBACK structure will be included into this linked list and

must reside in static memory.

The callback function is called only, if a transfer operation was started using either

USBD_VSC Read() or USBD VSC Wite() functions.

The callback function has the following prototype:

t ypedef void USB_EVENT_CALLBACK FUNC(unsigned Events,

voi d *pCont ext) ;

Parameter Description
Event s A bit mask indicating which events occurred on the
endpoint.
pCont ext The pointer which was provided to the

USBD_Set OnEvent () function.

Note that the callback function will be called within an ISR, therefore it should never block.
The first parameter to the callback function will contain a bit mask for all events that

triggered the call:

EP .

Direction Event Description

ouT USB_EVENT DATA_ READ Some _data was received from the host on the
endpoint.

ouT USB_EVENT_READ COVPLETEThe last read operation was completed.

ouT USB_EVENT _READ ABORT | A read transfer was aborted.
Some data was sent to the host, so that (part

IN USB_EVENT_DATA SEND of) the user write buffer may be reused by the
application.

IN USB_EVENT_DATA ACKED | Some data was acknowledged by the host.
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EP L
Direction Event Description
IN USB_EVENT_WRI TE_ABORT | A write transfer was aborted.
IN USB_EVENT_WRI TE_COVPLETAl write operations were completed.
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Example for an OUT EP

/'l The cal | back function.
static void _OnEvent (unsi gned Events, void *pContext) {
unsi gned NumByt es;

if (Events & USB_EVENT_DATA READ) ({
NumByt es = USBD VSC Get NunByt esl nBuf f er (hl nst) ;
if (NunBytes) ({
r = USBD VSC Read(hlnst, Buff, NunBytes, -1, USB_VSC READ FLAG RECEI VE);
if (r >0) {
<.. process data in Buff..>
}
}
}
}
/1 Main program
/'l Register callback function.
static USB EVENT CALLBACK _usb cal |l back;
USBD _VSC Set OnEPEvent (EPCQut, & usb_cal | back, _OnEvent, NULL);
USBD _VSC_Set Cont i nuousReadMode( EPQut ) ;
/1 Trigger first read
USBD_VSC Read( EPCut, NULL, 0, -1, USB_VSC READ FLAG POLL);
<.. do anything else here while the data is processed in the callback ..>
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Example for an IN EP

/'l The cal | back function.
static void _OnEvent (unsi gned Events, void *pContext) {
if ((Events & USB_EVENT_DATA SEND) != 0 &&
/1 Check for last wite transfer to be conpl et ed.
USBD VSC Cet NunByt esReniToWite(_hlnst) == 0) {
<.. prepare next data for witing..>
/'l Send next packet of data.
r = USBD VSC Wite(_hlnst, &ac[0], 200, -1);
if (r <0) {
<.. error handling..>
}
}
}
/1 Main program
/'l Register callback function.
static USB_EVENT_CALLBACK _usb_cal | back;
USBD _VSC Set OnEPEvent (hl nst, & usb_cal | back, _OnEvent, NULL);
/'l Send the first packet of data using an asynchronous wite operation.
r = USBD VSC Wite(_hlnst, &c[O0], 200, -1, 0);
if (r <0) {
<.. error handling..>
}

<.. do anything el se here while the whole data is send..>
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6.4.2.12 USBD VSC_TxIsPending()

Description

Checks whether the TX (IN endpoint) is currently pending. Can be called in any context.

Prototype
i nt USBD_VSC _TxI sPendi ng( U8 EPI ndex);
Parameters
Parameter Description
EPI ndex A valid EP Index that was also passed to USBD VSC Add() .

Return value

1 We have queued data to be sent.
0 Queue is empty.
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6.4.2.13 USBD_VSC_WaitEP()

Description
Waits (blocking) until the triggered USBD VSC ReadOver| apped() has received the desired
data.
Prototype
int USBD_VSC Wait EP( U3 EPI ndex,
unsi gned Ti nmeout) ;

Parameters

Parameter Description
EPI ndex A valid EP Index that was also passed to USBD VSC Add() .
Ti meout Ti meout in milliseconds. 0 means infinite.

Return value

=0 Transfer completed.
=1 Ti meout occurred.
<0 An error occurred (e.g. target disconnected)

Additional information

In case of a timeout, the read transfer is aborted (see Ti neout handling on page 131).

Example

i f (USBD_VSC Read(hlnst, &c[O0], 50, -1, 0) < 0) {
<.. error handling..>
return;
}
Il
/1 USBD VSC Read() with Tineout==-1 will return i medi ately.
/1 Do sonething el se while data may be transferred.
Il
<...>
Il
/1 Now wait until we get all 50 bytes.
/1 USBD VSC WaitEP() will block, until total of
/1 50 bytes are read or tineout occurs.
Il
if (USBD_VSC WaitEP(hlnst, tineout) != 0) {
<.. tinmeout error handling..>
return;
}
/'l Now we have 50 bytes of data.
/'l Process 50 bytes of data fromac[] here.
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6.4.2.14 USBD_VSC_PollEP()

Description
Waits (blocking) until the triggered USBD VSC ReadOver| apped() has received the desired
data.
Prototype
int USBD_VSC Pol | EP( U8 EPI ndex,
unsi gned Ti nmeout) ;
Parameters
Parameter Description
EPI ndex A valid EP Index that was also passed to USBD VSC Add() .
Ti meout Ti meout in milliseconds. 0 means infinite.

Return value

=0 Transfer completed.
=1 Ti meout occurred.
<0 An error occurred (e.g. target disconnected)

Additional information

In case of a timeout, the current transfer is not affected. The function may be called
repeatedly until it does not report a timeout any more.

Example for an IN EP

if (USBD VSC Wite(hlnst, &c[0], 50, -1, 0) < 0) {
<.. error handling..>
return;
}
Il
/1 USBD VSC Wite() will return immediately.
/1 Wiile waiting for the data to be transferred, we will blink a LED with
200 s interval.
/1 USBD VSC Pol | ForTX() will return, if all data were send or 100 ns expired.
Il
while ((r = USBD_VSC Pol | EP(hlnst, 100)) > 0) {
Toggl eLED() ;
}
if (r <0) {
<.. error handling..>
return;

}

/1 Now all data have been send.

Example for an OUT EP

i f (USBD_VSC Read(hlnst, &c[O], 50, -1, 0) < 0) {
<.. error handling..>
return;
}
I
/1 USBD_VSC Read() with Tinmeout==-1 will return i medi ately.
/1 While waiting for the data, we will blink a LED with 200 ns interval.
/1 USBD_VSC Pol | ForRX() will return, if all data were read or 100 ns expired.
I
while ((r = USBD_VSC Pol | EP(hlnst, 100)) > 0) {

Toggl eLED() ;
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if (r <0 {
<.. error handling..>
return;

}
/1 Now we have 50 bytes of data.

/1 Process 50 bytes of data fromac[] here.
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6.4.2.15 USBD VSC_ WaitForTXReady()

Description

Waits (blocking) until the TX queue can accept another data packet. This function is
used in combination with a non-blocking call to USBD VSC Wite() , it waits until a new
asynchronous write data transfer will be accepted by the USB stack.

Prototype

i nt USBD _VSC Wit For TXReady(U8 EPI ndex,
int Tineout);

Parameters
Parameter Description
EPI ndex A valid EP Index that was also passed to USBD VSC Add() .
, Ti meout in milliseconds. 0 means infinite. If Ti meout is
Ti meout : ) . . ;
negative, the function will return immediately.

Return value

=0 A new asynchronous write data transfer will be accepted.

=1 The write queue is full, a call to USBD VSC Wite() would return
USB_STATUS_EP_BUSY.

<0 Error occurred.

Additional information
If Ti meout is 0, the function never returns 1.

If Ti meout is -1, the function will not wait, but immediately return the current state.

Example

/1 Always keep the wite queue full for maxi num send speed.
for (;;) {

pDat a = Get Next Dat a( &NunByt es) ;

/1 Wait until stack can accept a new write.

USBD_VSC Wi t For TxReady( hl nst, 0);

/Il lssue wite transfer.

if (USBD_VSC Wite(hlnst, pData, NunBytes, -1) < 0) {

<.. error handling..>

}

}
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6.4.2.16 USBD_VSC_Write()

Description

Sends data to the USB host. Depending on the Ti meout parameter, the function blocks until
NunByt es have been written or a timeout occurs.

Prototype
int USBD VSC Wi te( us EPI ndex,
const void * pDat a,

unsi gned NunByt es,

i nt Ti neout ,

unsigned  Fl ags);
Parameters

Parameter Description
EPI ndex One of the EPI ndex was used in pl ni t Dat a when calling
USBD_VSC_Add() .

pDat a Data that should be written.
NunByt es Number of bytes to write.

Ti meout in milliseconds. 0 means infinite. If Ti meout is
Ti meout -1, the function returns immediately and the transfer is
processed asynchronously.

Various flags: Current flags:

e USB VSC WRI TE_FLAG NO NULL_PACKET - Specifies that a
zero-length packet shall be sent when

Fl ags the last data packet is a multiple of MaxPacketSize. Normally

MaxPacketSize for full-speed devices is 64 bytes. For high-

speed devices the normal packet size is between 64 and 512

bytes.

Return value

=0 Successful started an asynchronous write transfer or a timeout
has occurred and no data was written.

> 0 && < NunByt es Number of bytes that have been written before a timeout
occurred.

= NunByt es Write transfer successful completed.

<0 Error occurred.

Additional information

This function also returns when the target is disconnected from host or when a USB reset
occurred.

The USB stack is able to queue a small number of asynchronous write transfers (when
using Ti neout = -1). If a write transfer is still in progress when this function is called
and the USB stack can not accept another write transfer request, the functions returns
USB_STATUS EP_BUSY. A synchronous write transfer (Ti neout = 0) will always block until
the transfer (including all pending transfers) are finished or a timeout occurs.

In case of a timeout, the write transfer is aborted (see Ti neout handling on page 131).

In order to synchronize, USBD VSC WaitForTX() needs to be called. Another
synchronization method would be to periodically call USBD VSC Get NunByt esRenifToW i t e()
in order to see how many bytes still need to be written (this method is preferred
when a non-blocking solution is necessary). The write operation can be canceled using
USBD VSC Cancel Wite().

If pDat a = NULL and NunByt es = 0, a zero-length packet is sent to the host.
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The content of the buffer pointed to by pDat a must not be changed until the transfer has
been completed.

Example

NumByt esWitten = USBD VSC Wite(hlnst, &ac[0], DataSize, 500);
if (NunBytesWitten <= 0) {
<.. error handling..>

}
if (NunBytesWitten < DataSize) {
<.. tinmeout occurred, data partially witten within 500ns ..>

} else {
<.. wite conpleted successfully..>

}

See also USBD_VSC_Get NunByt esRenifoW it e on page 220.
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6.4.2.17 USBD_VSC_WriteAsync()

Description

Sends data to the host asynchronously. The function does not block. A callback function
is called after the transfer has completed successfully, an error occurred or the transfer
was canceled.

Prototype
void USBD_VSC WiteAsync(U3 EPI ndex,
USB_ASYNC_| O_CONTEXT * pCont ext,
18 SendOPacket | f Requi r ed) ;
Parameters
Parameter Description
EPI ndex A valid EP Index that was also passed to USBD VSC Add() .
Pointer to a structure of type USB_ASYNC | O CONTEXT
pCont ext

containing parameters and a pointer to the callback function.

Specifies that a zero-length packet shall be sent when the

SendOPacket I f Requi red last data packet is a multiple of MaxPacketSize.

Example

static void _AsyncCb(USB_ASYNC | O CONTEXT * pl CCont ext) {
us *p;

p = (U8 *)pl OCont ext - >pCont ext ;
}
<...>

USB_ASYNC | O_CONTEXT | OCont ext ;

us AsyncConpl et e;

| OCont ext . NunByt esToTr ansfer = 5000;

| OCont ext . pDat a = pBuff;

| OCont ext . pf OnConpl et e = _AsyncCb;

| OCont ext . pCont ext (void *)&AsyncConpl et e;
AsyncConpl ete = 0;
USBD_VSC WiteAsync(hlnst, & OContext, 1);
whi |l e (AsyncConplete == 0) {
<.. Do other work. ..>
}
/1 Transaction is conplete.
if (1CContext.Status < 0 || |OContext.NunBytesTransferred != 5000) {
<.. error handling ..>
} else {
<.. data witten successfully ..>

}

<...>

emUSB-Device User Guide & Reference Manual © 2010-2026 SEGGER Microcontroller GmbH



238 CHAPTER 6 Target API

6.4.3 Data structures

6.4.3.1 USB_VSC_INIT_DATA
Description
Initialization structure that is needed when adding a VSC interface to emUSB-Device.

Type definition

typedef struct {

ul6 Fl ags;

us aEP[];

us NunEPs;

const char * pl nt erfaceNane;
us I nterfaced ass;

us I nt erfaceSubd ass;
us I nt erfaceProtocol ;

const USB_VSC MSOSDESC | NFO * pMsDescl nf o;
} USB_VSC | NI T_DATA;

Structure members

Member Description

Various flags. Currently only one flag is available: -

Fl aas USB_VSC USE_CUSTOM MSOSDESC: Allows to use a cutom

9 specified MS OS Descriptor. Otherwise this has to be be

initialized to 0.

2EP Array of Endpoints Indices to be used. Each EPIndex needs
to be allocated by USBD_AddEP

NuntPs Number of EPIndex in array.

pl nt er f aceNanme Name of the interface.

I nterfaced ass Sets the USB Class ID .

I nt erfaceSubC ass Sets the USB SubClass ID.

I nt erfaceProtocol Sets the USB Protocol ID.
[Optional] This pointer will only be used when the Flag

pMSDescl nf o USB_VSC_USE_CUSTOM MSOSDESC is set.
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6.4.3.2 USB_VSC_MSOSDESC_INFO

Description

MS OS descriptor structure that contains for MS related OSes information how to deal with
device with out having a driver store.

Type definition

typedef struct {
const char
const char
u32

* sConpati bl el D
* sSubConpati bl el D;
NunPr operti es;

const USB_MS_OS EXT_PROP * pProperti es;

} USB_VSC MSOSDESC | NFQ,

Structure members

Member

Description

sConmpati bl el D

Strings that gives MS OS a hint to the driver that shall be
loaded

sSubConpati bl el D

[Optional] Gives a sub id string, in most cases this can be
NULL.

NunPr operties

NumBer of properties that are stored in pProperties

pProperties

Variable array of MS OS extended OS descriptors. Depending
on the sConpati bl el D, this can be some sub structure which
will be stored in the Windows registry. Eg. with WinUSB this
contains the GUID which is needed to identify your device
among other WinUSB devices.

emUSB-Device User Guide & Reference Manual © 2010-2026 SEGGER Microcontroller GmbH



240 CHAPTER 6 Target API

6.4.3.3 USB_VSC_ON_ADD _FUNCTION_DESC

Description

Call back that is used to add an additional descriptor between the interface or one of its
alternate setting descriptor and the endpoint descriptor(s).

Type definition

typedef const U8 * (USB_VSC ON_ADD FUNCTI ON_DESC)
(USB_VSC HANDLE hl nst,

us | FAl ternateSetting);
Parameters
Parameter Description
hl nst Handle to a valid VSC instance, returned by
USBD_VSC_Add() .
| FAl ternateSetting Data that should be written.

Return value

= NULL No additional descriptor shall be added to this interface or its alternate setting..
# NULL Pointer to a USB descriptor.

Additional information

USB Descriptor follow a specific format. The first byte is always the length. The second byte
describes the descriptor type. Anything after these 2 bytes is descriptor dependent.
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6.4.3.4 USB_VSC_ON_SET INTERFACE

Description

Global callback function that is called whenever an alternate setting is set for an interface
that was added with USBD VSC Add() .

Type definition

typedef void (USB_VSC_ON_SET_I NTERFACE) (USB_VSC HANDLE hl nst,

us Al ternatel nterface);
Parameters
Parameter Description
hl nst Handle to a valid VSC instance, returned by
USBD_VSC_Add() .
Al ternatel nterface Alternate interface that was set by the host.

Additional information

Each interface has one alternate setting which is the default setting. This call back is called
after the host has set the alternate setting. By default all data transfers of the previous
interface/alternate setting are canceled.
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6.5 C++ Host API

This chapter describes the functions that can be used with the host system.

To communicate with a target running the USB VSC or BULK class an API is provided that
can be used on Windows, Linux and macOS systems.

To have an easy start-up when writing an application on the host side, these API functions
have a simple interface and handle all required operations to communicate with the target
VSC class.

To use the API in an application the header file USBVAPI . h must be included. Depending
on the host operating system used one of the following libraries must be added to the host
application:

e Windows: USBVAPI r W ndows_x86_ 64. a.
e Linux: USBVAPI r Linux_x86_64.a.

The documentation for the host API is provided as HTML in the file
USBVAPI _docunentation_htnl.zip. To view the documentation unzip this file and open
the i ndex. ht M from the resulting (unzipped) directory in a web browser.

The following table shows where components of the C++ API can be found in the emUSB-
Device shipping:

File / Directory Contents
W ndows/ USB/ BULK/ | nc/ USBVAPI . h Header file for the API
Doc/ USBVAPI _docunentation_htm . zip Manual of the API.

Libraries for different host

W ndows/ USB/ BULK/ USBVAPI .
architectures

Sample applications to
W ndows/ USB/ BULK/ USBVAPI _Sanpl eAppl i cati on demonstrate the usage of the
API.
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Chapter 7

Mass Storage Device Class
(MSD)

This chapter gives a general overview of the MSD class and describes how to get the MSD
component running on the target.
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7.1 Overview

The Mass Storage Device (MSD) is a USB class protocol defined by the USB Implementers
Forum. The class itself is used to access one or more storage devices such as flash drives
or memory sticks.

As the USB mass storage device class is well standardized, every major operating system
such as Microsoft Windows (after Windows 2000), Apple OS X, Linux and many more
support it. So therefore an installation of a custom host USB driver is normally not
necessary.

emUSB-Device-MSD comes as a whole packet and contains the following:

Generic USB handling

MSD device class implementation, including support for direct disk and CD-ROM mode
(CD-ROM access is a separate component)

Several storage drivers for handling different devices

Example applications
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7.2 MSD Configuration

7.2.1 Initial configuration

To get emUSB-Device-MSD up and running as well as doing an initial test, the configuration
as it is delivered should not be modified.

7.2.2 Final configuration

The configuration must only be modified, when emUSB-Device is deployed in your final
product. Refer to emUSB-Device Configuration on page 50 for detailed information about
the generic information functions which must be adapted.

In order to comply with the Mass Storage Device Bootability specification, the serial
number provided by the function USBD_Set Devi cel nf o() must be a string with at least 12
characters, where each character is a hexadecimal digit ('0’ through ‘9’ or ‘A’ through F’).

7.2.3 MSD class specific configuration functions

Beside the generic emUSB-Device configuration functions (emUSB-Device Configuration
on page 50), the following should be adapted before the emUSB-Device MSD component
is used in a final product. Example implementations are supplied in the MSD example
application USB_MBD FS Start. c, located in the Appl i cati on directory of emUSB-Device.

Each logical unit (storage) which is added to the MSD component has it's own set
of name and id values which is supplied when the logical unit is first added through
USBD_MSD_AddUni t ()

Example
static const USB_MSD LUN I NFO _LunOl nfo = {
"Vendor ", /1 MSD Vendor Nane
"MSD Vol unme", // WMSD Product Nane
"1.00", /1 NMSD Product Ver

"134657890" // MBD Seri al No
he

I nst Dat a. pLunl nfo = & LunOI nf o;

USB_MSD_AddUni t (&l nst Dat a) ;

7.2.4 Running the example application

The directory Appl i cati on contains example applications that can be used with emUSB-
Device and the MSD component. To test the emUSB-Device-MSD component, build and
download the application of choice into the target. Remove the USB connection and
reconnect the target to the host. The target will enumerate and can be accessed via a file
browser.
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7.2.4.1 MSD_Start_StorageRAM.c in detalil

The main part of the example application USB_MSD_St art _St or ageRAM c is implemented
in a single task called Mai nTask() .

[* MainTask() - excerpt fromUSB MSD Start_ StorageRAM c */
voi d Mai nTask(voi d);
voi d Mai nTask(void) {
USBD I nit();
_AddMBIX ) ;
USBD Start();
while (1) {
while ((USBD CetState() & (USB_STAT_CONFI GURED | USB_STAT_SUSPENDED) )
I = USB_STAT_CONFI GURED) {
BSP_Toggl eLED( 0) ;
USB_OS_Del ay(50);
}
BSP_Set LED( 0) ;
USBD_MSD Task() ;
}
}

The first step is to initialize the USB core stack using USBD | ni t () . The function _AddMsD()
configures all required endpoints and assigns the used storage medium to the MSD
component.

/* _AddMBD() - excerpt from MSD _Start_StorageRAM ¢ */
static void _AddMsD(void) ({
static U8 _abQutBuffer[ USB_HS BULK MAX_PACKET_SI ZE] ;
USB_MSD_| NI T_DATA | ni t Dat a;
USB_MSD_| NST_DATA | nst Dat a;
InitData. EPIn = USBD_AddEP(1, USB_TRANSFER TYPE_BULK,
USB_HS BULK_MAX_PACKET_SI ZE, NULL, 0);
| ni t Dat a. EPQut = USBD_AddEP( 0, USB_TRANSFER_TYPE_BULK,
USB_HS_ BULK_MAX_PACKET_SI ZE,
_abQutBuf fer, sizeof(_abQutBuffer));
USBD_MSD_Add( &l ni t Dat a) ;
I
/1 Add logical unit 0: RAMdrive
I
nmenset (& nstData, 0, sizeof(lnstData));
I nst Dat a. pAPI &USB_MSD_St or ageRAM
I nst Dat a. Dri ver Dat a. pSt art (voi d*) MSD_RAM ADDR;
| nst Dat a. Dri ver Dat a. NunfSect or s VSD_RAM _NUM_SECTORS;
I nst Dat a. Dri ver Dat a. Sect or Si ze MSD_RAM SECTOR_SI ZE;
I nst Dat a. pLunl nfo = & LunOl nf o;
USBD_MSD_AddUni t ( & nst Dat a) ;
}

The example application uses a RAM disk as storage medium.

The example RAM disk has a size of 23 kB (46 sectors with a sector size of 512 bytes). You
can increase the size of the RAM disk by modifying the macros MSD_RAM NUM_SECTORS and
MSD_RAM SECTOR_SI ZE (in multiples of 512), but the size must be at least 23 kB otherwise
a Windows host cannot format the disk.

[* AdAMSD() - excerpt from MSD Start_ StorageRAM c */
#defi ne MSD_RAM NUM SECTORS 46
#defi ne MSD_RAM SECTOR SIZE 512
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7.3 Target API

Target API

Function

Description

API functions

USBD_MSD_Add( )

Adds an MSD-class interface to the
USB stack.

USBD_MSD_AddUni t ()

Adds a mass storage device to
emUSB-Device-MSD.

USBD_MSD_AddCDRon()

Adds a CD-ROM device to emUSB-
Device-MSD.

USBD_MSD_Set Prevent Al | owRenoval Hook()

Sets a callback function to prevent/
allow removal of storage medium.

USBD_MSD_Set ReadW i t eHook()

Sets a callback function which gives

information about the read and write
block-wise operations to the storage
medium.

USBD_MSD_Task( )

Task that handles the MSD-specific
protocol.

USBD_MSD_Pol | ()

Function which handles MSD
commands.

USBD_MsD_Pol | Ex()

Function which handles MSD
commands.

USBD_MSD_Set St art St opUni t Hook()

Sets a callback function which is called
when the command StartStopUnit is
called.

Extended API functions

USBD_MSD_Connect ()

Connects the storage medium to the
MSD component.

USBD MSD Di sconnect ()

Disconnects the storage medium from
the MSD.

USBD_MSD_Request Di sconnect ()

Sets the DisconnectRequest flag.

USBD _MSD_Request Ref resh()

Performs a disconnect (optional), a
detach and optionally a re-attach, to
inform host that volume contents has
changed.

USBD MSD Updat eW it eProtect ()

This function updates the write protect
status of the storage medium.

USBD_MSD_Wai t For Di sconnecti on()

Waits for disconnection while time out
is not reached.

Data structures

USB_MSD_| NI T_DATA

emUSB-Device-MSD initialization
structure that is required when adding
an MSD interface.

USB_MSD_| NFO

emUSB-Device-MSD storage interface.

USB_MSD_I NST_DATA

USB-MSD initialization structure that
is required when adding an MSD
interface.

PREVENT _ALLOW REMOVAL_HOOK

Callback function to prevent/allow
removal of storage medium.
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Function

Description

READ W\RI TE_HOOK

Callback function which is called with
every read/write access to the storage
medium.

USB_MSD_| NST_DATA DRI VER

USB-MSD initialization structure that
is required when adding an MSD
interface.

USB_MSD_STORAGE_API

USB-MSD initialization structure that
is required when adding an MSD
interface.

START_STOP_UNI T_HOOK

Callback function which is called when
a START STOP UNIT SCSI command is
received.
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7.3.1 API functions

7.3.1.1 USBD_MSD_Add()

Description
Adds an MSD-class interface to the USB stack.

Prototype
voi d USBD_MSD_Add(const USB_MSD | NI T_DATA * plnitData);
Parameters
Parameter Description
pl ni t Dat a Pointer to a USB_MSD | NI T_DATA structure.

Additional information

After the initialization of general emUSB-Device, this is the first function that needs
to be called when an MSD interface is used with emUSB-Device. The structure
USB_MSD | NI T_DATA must be initialized before USBD_MSD_Add() is called.
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7.3.1.2 USBD_MSD_AddUnit()

Description

Adds a mass storage device to emUSB-Device-MSD.

Prototype
voi d USBD_MSD_AddUni t (const USB_MSD | NST_DATA * pl nstData);
Parameters
Parameter Description
| nst Dat a Pointer to a USB_MSD | NST_DATA structure containing the
P information of the added storage device.

Additional information

It is necessary to call this function immediately after USBD_MSD_Add() . It will then add an
R/W storage device to emUSB-Device-MSD. The structure USB_MsD | NST_DATA must be
initialized before calling USBD_MsD_AddUni t ().

emUSB-Device User Guide & Reference Manual © 2010-2026 SEGGER Microcontroller GmbH



251 CHAPTER 7 Target API

7.3.1.3 USBD_MSD_AddCDRom()

Description
Adds a CD-ROM device to emUSB-Device-MSD.

Prototype
voi d USBD_MSD_AddCDRom( const USB_MSD_| NST_DATA * pl nst Dat a) ;
Parameters
Parameter Description
| nst Dat a Pointer to a USB_MSD | NST_DATA structure containing the
P information of the added storage device.

Additional information

Similar to USBD_MSD_AddUni t (), this function should be called after USBD MSD Add() . The
structure USB_MSD | NST_DATA must be initialized before USBD MSD AddCDRon() is called.
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7.3.1.4 USBD_MSD_SetPreventAllowRemovalHook()

Description

Sets a callback function to prevent/allow removal of storage medium.

Prototype

voi d USBD_MsD_Set Prevent Al | owRenpval Hook
(us Lun,
PREVENT_ALLOW REMOVAL_HOOK * pf OnPrevent Al | owRenoval ) ;

Parameters
Parameter Description
Lun Logical Unit Number. Using only one storage medium,
this parameter is 0.
pf OnPr event Al | owRenoval Pointer to the callback function that shall be called.

Additional information
The callback is called within the MSD task context. The callback must not block.
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7.3.1.5 USBD_MSD_SetReadWriteHook()

Description

Sets a callback function which gives information about the read and write block-wise
operations to the storage medium.

Prototype
voi d USBD_MSD_Set ReadW it eHook( U8 Lun,
READ WRI TE_HOOK * pfOnReadWite);
Parameters
Parameter Description
Zero-based index for the unit number. Using only one
Lun . . .
storage medium, this parameter is 0.
pf OnReadWite Pointer to the callback function that shall be called.
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7.3.1.6 USBD_MSD_Task()

Description
Task that handles the MSD-specific protocol.

Prototype

voi d USBD_MSD Task(voi d);

Additional information

After the USB device has been successfully enumerated and configured, the
USBD_MsD Task() should be called. This function blocks until the device is detached or is
suspended. After a detach or suspend USBD _MSD Task() will return.

Check USBD_MsD Pol | () if you need a non-blocking version.
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7.3.1.7 USBD_MSD_Poll()

Description

Function which handles MSD commands. Using this function is only necessary if you want
to avoid using the blocking USB_MsSD Task function. This can be necessary if you are not
using an RTOS.

Prototype

int USBD _MsSD_Pol | (voi d);

Return value

2 0.K. Command was processed, but a protocol error occurred.
1 0.K. Command was processed successfully.
0 O.K. Timeout occurred.

1 An error occurred. (e.g. no cable connected).

Additional information

This function must be called periodically, otherwise the host can time out the device since
it does not process commands. It normally blocks for USB_MsSD POLL_TI MEQOUT milliseconds
while waiting for a command from the host. Should a command arrive during the timeout
it will be processed, which could potentially increase the block duration. The duration could
also decrease because the function returns as soon as a command is finished.

In case of return value 2 the calling task should still call this function again, if possible
recovery will be initiated.
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7.3.1.8 USBD_MSD_PollEx()

Description

Function which handles MSD commands. Using this function is only necessary if you want
to avoid using the blocking USB_MsSD Task function. This can be necessary if you are not
using an RTOS.

Prototype
int USBD_MSD Pol | Ex(unsi gned Ti nmeout);
Parameters
Parameter Description
. Function will block for 'Ti meout " ms, if no requests are
Ti meout . .
received from the host. Ti neout may be zero.

Return value

2 0.K. Command was processed, but a protocol error occurred.
1 0.K. Command was processed successfully.
0 O.K. Ti neout occurred.

1 An error occurred. (e.g. no cable connected).

Additional information

This function must be called periodically, otherwise the host can time out the device since
it does not process commands. It normally blocks for ‘Ti neout " milliseconds while waiting
for a command from the host. Should a command arrive during the timeout it will be
processed, which could potentially increase the block duration. The duration could also
decrease because the function returns as soon as a command is finished.

In case of return value 2 the calling task should still call this function again, if possible
recovery will be initiated.
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7.3.1.9 USBD_MSD_SetStartStopUnitHook()

Description

Sets a callback function which is called when the command StartStopUnit is called.

Prototype
voi d USBD_MSD Set St art St opUni t Hook( U8 Lun,
START_STOP_UNI T_HOOK * pfOnStart StopUnit);
Parameters
Parameter Description
Lun Zero-based index for the unit number. Using only one

storage medium, this parameter is 0.

Pointer to the callback function that shall be called. For
pf OnSt art St opUni t detailed information about the function pointer, refer to
START_STOP_UNI T_HOCK.
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7.3.2 Extended API functions

7.3.2.1 USBD_MSD Connect()

Description

Connects the storage medium to the MSD component.

Prototype
voi d USBD_MSD _Connect (U8 Lun);
Parameters
Parameter Description
Zero-based index for the unit number. Using only one
Lun . . .
storage medium, this parameter is 0.

Additional information

The storage medium is initially always connected to the MSD component. This function is
normally used after the storage medium was disconnected via USBD_MSD Di sconnect () to
carry out file system operations on the device application side. Because the device can not
actively perform a connect operation this function sets an internal flag and the next time
when the host requests the status of the storage medium the storage medium is connected
back to the MSD component.
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7.3.2.2 USBD_MSD Disconnect()

Description

Disconnects the storage medium from the MSD.

Prototype
voi d USBD_MSD _Di sconnect (U8 Lun);
Parameters
Parameter Description
Zero-based index for the unit number. Using only one
Lun . . .
storage medium, this parameter is 0.

Additional information

This function will force the storage medium to be disconnected. The host will be informed
that the medium is not present. In order to reconnect the device to the host, the
function USBD MSD Connect () shall be used. See USBD MSD Request Di sconnect () and
USBD_MSD Wi t For Di sconnecti on() for a graceful disconnection method.
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7.3.2.3 USBD_MSD RequestDisconnect()

Description

Sets the DisconnectRequest flag.

Prototype
voi d USBD_MSD_Request Di sconnect (U8 Lun);
Parameters
Parameter Description
Zero-based index for the unit number. Using only one
Lun . . .
storage medium, this parameter is 0.

Additional information

This function sets the disconnect flag for the storage medium. As soon as the next MSD
command is sent to the device, the host will be informed that the device is currently not
available. To reconnect the storage medium, USBD_MSD_Connect () shall be called.

Notes

If the host tries to access the storage medium while this flag is set to 1, the status of the
storage medium changes to disconnected.
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7.3.2.4 USBD_MSD_RequestRefresh()

Description

Performs a disconnect (optional), a detach and optionally a re-attach, to inform host that
volume contents has changed.

Prototype
voi d USBD_MsSD_Request Refresh(U8 Lun,
U32 Fl ags);
Parameters
Parameter Description
Lun Zero-based index for the unit number. Using only one

storage medium, this parameter is 0.

Request flags, a bit-ored combination of the following flags:

e USB MSD TRY DI SCONNECT - Try a medium disconnect

Fl ags before doing a USB detach.

e USB MSD RE_ATTACH - Automatically re-attach after detach
has been done.

Additional information

If the flag USB_MSD_TRY_DI SCONNECT is given, the function sets the disconnect flag for the
storage medium. As soon as the next MSD command is sent to the device, the host will be
informed that the device is currently not available. If the host acknowledges the disconnect,
the medium is reconnected and the function USBD_MSD Task() will return.

If the flag USB_MSD_TRY_DI SCONNECT is not set or the host ignores the disconnection of the
medium, the USB device is detached from the host (using USBD_St op() ).

If the flag USB_MSD _RE_ATTACH is set, the device is re-attached after some delay
using USBD Start (). Then the function USBD MSD Task() will return. The function
USBD_MSD_Request Ref resh() returns immediately while the procedure is executed in the
USBD_MSD_Task() .

Returning of the function USBD MsD Task() allows the application to reinitialize the
volume (or calling USBD Start(), if USB MSD RE ATTACH was not set) before calling
USBD_MSD_Task() again.

Detaching the USB device not only affects the specified volume (Lun) but all volumes of
the device and any other USB class interfaces.
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7.3.25 USBD_MSD UpdateWriteProtect()

Description

This function updates the write protect status of the storage medium.

Prototype

voi d USBD_MSD _Updat eWiteProtect (U3 Lun,

Parameters

U8 IsWiteProtected);

Parameter

Description

Lun

Zero-based index for the unit number. Using only one
storage medium, this parameter is 0.

| sWiteProtected

Set the write protect flag:
1 - Medium is write-protected.
0 - Medium is NOT write-protected.

Additional information

Please make sure that this function is called when the LUN is disconnected from the host,
otherwise the change in the WriteProtected flag is normally not recognized.
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7.3.2.6 USBD_MSD_WaitForDisconnection()

Description

Waits for disconnection while time out is not reached.

Prototype
int USBD_MSD_Wai t For Di sconnection(U8 Lun,
U322 TineQut);
Parameters
Parameter Description

Zero-based index for the unit number. Using only one
Lun - . .

storage medium, this parameter is 0.

, Timeout give in ms. How long should this function wait, until

Ti meQut . o

it stops waiting.

Return value

0 Error - Time out reached. Device not disconnected.
1 Success - Device disconnected.

Additional information

After triggering the disconnection via USBD MSD Request Di sconnect () the stack
disconnects the storage medium as soon as the host requests the status of the storage
medium. Win2k does not periodically check the status of a USB MSD. Therefore, the timeout
is required to leave the loop. The return value can be used to decide if the disconnection
should be forced. In this case, USBD MsSD Di sconnect () shall be called.
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7.3.3 Data structures

7.3.3.1 USB_MSD_INIT_DATA

Description

emUSB-Device-MSD initialization structure that is required when adding an MSD interface.

Type definition

typedef struct {

U8 EPIn;

Us EPCQut;

U8 InterfaceNum
} USB_MSD_| NI T_DATA;

Structure members

Member Description
EPI n Bulk IN endpoint for sending data to the host.
EPQut Bulk OUT endpoint for receiving data from the host.
I nterfaceNum Interface number. This member is used internally, set to 0.

Additional information

This structure holds the endpoints that should be used with the MSD interface. Refer to
USBD_AddEP() for more information about how to add an endpoint.
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7.3.3.2 USB_MSD_INFO

Description

emUSB-Device-MSD storage interface.
Type definition
typedef struct {

U32 NunBectors;

Ul6 SectorSize;
} USB_MBD_I NFO,

Structure members

Member Description
Nuntect or s Number of available sectors.
Sect or Si ze Size of one sector in bytes.
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7.3.3.3 USB_MSD_INST_DATA

Description

USB-MSD initialization structure that is required when adding an MSD interface.
Type definition

typedef struct {

const USB_MSD STORAGE_API * pAPI;
USB_MSD_| NST_DATA DRI VER  Dri verDat a;

us Devi ceType;

us | sPresent;
USB_MSD_HANDLE_CMD * pf Handl eCnd;

us | sWiteProtected;

const USB_MSD_LUN_I NFO * pLunl nf o;
} USB_MSD_| NST_DATA,;

Structure members

Member Description
Pointer to a structure that holds the storage device driver
pAPI
API.
Driver data that are passed to the storage driver. Refer to
DriverData USB_MSD_| NST_DATA DRI VER for detailed information about
how to initialize this structure.
Determines the type of the device:
Devi ceType 0: Direct access block device
5: CD/DVD
Determines if the medium is storage is present. For non-
| sPresent .
removable devices always 1.
of Handl eCrrd Optional pointer to a callback function which handles SCSI
commands.
I SWiteProtect ed Specifies whether the storage medium shall be write-
protected.
Lunl nf o Pointer to a USB_MSD_LUN I NFO structure. Filling this
P structure is mandatory for each LUN.

Additional information

All non-optional members of this structure need to be initialized correctly, except
Devi ceType and pf Handl eCnd because it is done by the functions USBD MsSD_AddUni t () or
USBD_MSD_AddCDROM ) .
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7.3.3.4 USB_MSD _LUN_INFO

Description

Structure that is used when adding a logical volume to emUSB-Device-MSD.

Type definition

typedef struct {
const char * pVendor Nane;
const char * pProduct Nane;
const char * pProduct Ver;
const char * pSeri al No;

} USB_MSD_LUN_I| NFQO

Structure members

Member Description

Vendor name of the mass storage device. The string should

pVendor Nane be no longer than 8 bytes.

Product name of the mass storage device. The product name

pPr oduct Narre string should be no longer than 16 bytes.

Product version number of the mass storage device. The
product version string should be no longer than 4 bytes.

Product serial number of the mass storage device. The serial
pSeri al No number string must be exactly 12 bytes, in order to satisfy
the USB bootability specification requirements.

pPr oduct Ver

Additional information

The setting of these values is mandatory, if these values remain NULL at initialisation
emUSB-Device will report a panic error in debug builds (USB_PANI C).
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7.3.3.5 PREVENT_ALLOW_REMOVAL_HOOK

Description

Callback  function to prevent/allow removal of storage medium. See
USBD _MSD_Set Pr event Al | owRenoval Hook() .

Type definition
typedef void (PREVENT_ALLOW REMOVAL_HOOK) (U8 Prevent Renoval ) ;

Parameters
Parameter Description
Show whether the device shall be locked or not.
Pr event Renoval e 0 - The device shall be removable.
e 1 - The device shall be locked.

Additional information

Most OSes call the prevent/allow removal before any write operation. This callback will be
called for all LUNs that are available on the host.
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7.3.3.6 READ_WRITE_HOOK

Description

Callback function which is called with every read/write access to the storage medium.

Type definition

typedef void (READ _WRI TE_HOOK) (U8 Lun,
U8 | sRead,
u oOnof,
U32 StartLBA,
U32 NunBl ocks);

Parameters

Parameter Description

Specifies the logical unit number which was accessed
through read or write.

Specifies whether a read or a write access was used:

| sRead e 1:read
e 0 : write

States whether the read or write request has been initialized
(1) or whether it is complete (0).

St art LBA The first Logical Block Address accessed by the transfer.

The number of blocks accessed by the transfer, starting from
the St art LBA.

Lun

OnOr f

NumBl ocks
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7.3.3.7 USB_MSD_INST _DATA_DRIVER

Description
USB-MSD initialization structure that is required when adding an MSD interface.
Type definition

typedef struct {
voi d * pStart;

u32 Start Sect or;

u32 Nurnect or s;

ul6 Sector Si ze;

voi d * pSectorBuffer;
unsi gned NunByt es4Buffer;
us NunBuf f er s;

} USB_MBD_I NST_DATA DRI VER;

Structure members

Member Description
pSt art A pointer defining the start address
St art Sect or The start sector that is used for the driver.
NunBect or s The available number of sectors available for the driver.
Sect or Si ze The sector size that should be used by the driver.

Pointer to an application provided buffer to be used as
temporary buffer for storing the sector data.

NunByt es4Buf f er Size of the application provided buffer.

pSect or Buf f er

Number of buffer that are available. This is only used when

NunBuf f ers using the MT storage layer.

Additional information

This structure is passed to the storage driver. Therefore, the member of this structure can
depend on the driver that is used. For the storage driver that are shipped with this software
the members of USB_MSD_| NST_DATA_DRI VER have the following meaning:

USB_MSD_St or ageRAM:

Member Description
pSt art A pointer defining the start address of the RAM disk.
Start Sect or This member is ignored.
NunBect or s The available number of sectors available for the RAM disk.
Sect or Si ze The sector size that should be used by the driver.

USB_MSD_St or ageByNane:

Member Description

Pointer to a string holding the name of the volumes that

pStart shall be used, for example “nand:” *“mmc:1:"
St art Sect or Specifies the start sector.

NunSect or s Number of sector that shall be used.

Sect or Si ze This member is ignored.

Pointer to an application provided buffer to be used as
temporary buffer for storing the sector data

Size of the buffer provided by the application. Please
make sure that the buffer can at least 3 sectors otherwise,

pSect or Buf f er

NunmByt es4Buf f er

emUSB-Device User Guide & Reference Manual © 2010-2026 SEGGER Microcontroller GmbH



271 CHAPTER 7 Target API

Member Description

pSect or Buf f er and NunByt es4Buf f er are ignored and an
internal sector buffer is used. This sector-buffer is then
allocated by using the FS-Storage-Layer functions.
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7.3.3.8 USB_MSD_STORAGE_API

Description

USB-MSD initialization structure that is required when adding an MSD interface.

Type definition

typedef struct {
USB_MSD_STORAGE INIT
USB_MSD_STORAGE_GETI NFO

USB_MSD_STORAGE_GETREADBUFFER

USB_MSD_STORAGE_READ

USB_MSD_STORAGE_GETWRI TEBUFFER

USB_MSD_STORAGE_WRI TE

USB_MSD_STORAGE_MEDI UM SPRESENT

USB_MSD_STORAGE DEINI T
} USB_MSD_STORAGE_API ;

Structure members

pflnit;

pf Get | nf o;

pf Get ReadBuf f er;
pf Read;

pf Get WiteBuffer;
pfWite;

pf Medi um sPresent;
pfDel nit;

L I S T

Member Description
pflnit Initializes the storage medium.
of Get I nf 0 Retrieves storage medium information such as sector size

and number of sectors available.

pf Get ReadBuf f er

Prepares read function and returns a pointer to a buffer that
is used by the storage driver.

pf Read

Reads one or multiple sectors from the storage medium.

pf Get Wi t eBuf fer

Prepares write function and returns a pointer to a buffer that
is used by the storage driver.

pfWite Writes one or more sectors to the storage medium.
pf Medi um sPr esent Checks if medium is present.
pf Del ni t De-initializes the storage medium.

Additional information

USB_MSD_STORACGE_API is used to retrieve information from the storage device driver or
access data that needs to be read or written. Detailed information can be found in MSD
Storage Driver on page 274.
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7.3.3.9 START_STOP_UNIT_HOOK

Description
Callback function which is called when a START STOP UNIT SCSI command is received.
Type definition

typedef void (START_STOP_UN T_HOOK) (U8 Lun,
U8 StartLoadEj ect);

Parameters

Parameter Description

Lun Specifies the logical unit number.

Specifies which operation is executed by the host:
0 : Stop disk

e 1 : Start disk and make ready for access

e 2 : Eject disk if permitted

e 3 : Load, start and make disk ready.

St art LoadEj ect
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7.4 MSD Storage Driver

7.4.1 General information

The storage interface is handled through an API-table, which contains all relevant functions
necessary for read/write operations and initialization. Its implementation handles the
details of how data is actually read from or written to memory. Additionally, MSD knows
two different media types:

e Direct media access, for example RAM-Disk, NAND flash, MMC/SD cards etc.
e CD-ROM emulation.

7.4.1.1 Supported storage types

The supported storage types include:

e RAM, directly connected to the processor via the address bus.
e External flash memory, e.g. SD cards.
e Mechanical drives, for example CD-ROM. This is essentially an ATA/SCSI to USB bridge.

7.4.1.2 Storage drivers supplied with this release

This release comes with the following drivers:

e USB_MSD St orageRAM: A RAM driver which should work with almost any device.

e USB _MSD StorageByl ndex: A storage driver that uses the storage layer (logical block
layer) of emFile to access the device.

e USB _MSD StorageByNane: A storage driver that uses the storage layer (logical block
layer) of emFile to access the device.

Note

If you are not using emFile or the RAM driver you will have to provide your own sector
write/read routines for your storage medium.

7.4.2 Interface function list

As described above, access to a storage medium is realized through an API-function table
(USB_MSD_STORAGE_API ). The storage functions are declared in USB_MSD. h.
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7.4.3 USB_MSD_STORAGE_API in detalil

7.4.3.1 USB_MSD _STORAGE_INIT

Description

Initializes the storage medium.

Type definition

typedef void (USB_MSD STORAGE_INIT) ( us Lun,
const USB_MSD | NST_DATA DRI VER * pDriverDat a) ;
Parameters
Parameter Description
Lun Logical unit number. Specifies for which drive the function is
called.
Pointer to a USB_MSD | NST_DATA_DRI VER structure that
Dri ver Dat a contains all information that is necessary for the driver
P initialization. Refer to USB_MSD | NST_DATA DRI VER structure
for detailed information.
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7.4.3.2 USB_MSD_STORAGE_GETINFO

Description
Retrieves storage medium information such as sector size and number of sectors available.

Type definition

typedef void (USB_MSD _STORAGE_GETI NFO) (U8 Lun,
USB_MSD_I NFO * plnfo);
Parameters
Parameter Description
Lun Logical unit number. Specifies for which drive the function is
called.
Pointer to a USB_MsD_| NFO structure. For detailed
pl nfo information about the USB_MSD | NFO structure, refer to
USB_MSD_| NFO.
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7.4.3.3 USB_MSD_STORAGE_GETREADBUFFER

Description

Prepares the read function and returns a pointer to a buffer that is used by the storage
driver.

Type definition

typedef U32 (USB_MSD_STORAGE_GETREADBUFFER) (U8 Lun,
us2 Sect or | ndex,
void ** ppDat a,
u32 Nuntect or s) ;
Parameters
Parameter Description
Lun Logical unit number. Specifies for which drive the function is
called.
Sect or | ndex Specifies the start sector for the read operation.
Pointer to a pointer to store the read buffer address of the
ppData driver.
NunSect or s Number of sectors to read.

Return value

Maximum number of consecutive sectors that can be read at once by the driver.
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7.4.3.4 USB_MSD STORAGE_READ

Description

Reads one or multiple consecutive sectors from the storage medium.

Type definition

typedef 18 (USB_MSD_STORAGE READ) (U8 Lun,
us2 Sect or | ndex,
void * pbDat a,
u32 NurSect or s) ;
Parameters
Parameter Description
Lun Logical unit number. Specifies for which drive the function is
called.
Specifies the start sector from where the read operation is
Sect or | ndex
started.
pDat a Pointer to buffer to store the read data.
NunSect or s Number of sectors to read.

Return value

=0 Success.
0 Failed.
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7.4.3.5 USB_MSD_STORAGE_GETWRITEBUFFER

Description

Prepares the write function and returns a pointer to a buffer that is used by the storage
driver.

Type definition

typedef U32 (USB_MSD_STORAGE_GETWRI TEBUFFER) ( U Lun,
U322 Sect or | ndex,
voi d ** ppData,
u32 NurSect or s) ;
Parameters
Parameter Description
Lun Logical unit number. Specifies for which drive the function is
called.
Sect or | ndex Specifies the start sector for the write operation.
Pointer to a pointer to store the write buffer address of the
ppData driver.
NunSect or s Number of sectors to write.

Return value
Maximum number of consecutive sectors that can be written into the buffer.
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7.4.3.6 USB_MSD STORAGE WRITE

Description

Writes one or more consecutive sectors to the storage medium.

Type definition

typedef 18 (USB_MSD_STORAGE WRI TE) ( us Lun,

Parameters

U322 Sect or | ndex,
const void * pData,
u32 Nuntect or s) ;

Parameter

Description

Lun

Logical unit number. Specifies for which drive the function is
called.

Sect or | ndex

Specifies the start sector for the write operation.

pDat a

Pointer to data to be written to the storage medium.

Nunfect or s

Number of sectors to write.

Return value

=0 Success.
0 Failed.
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7.4.3.7 USB_MSD_STORAGE_MEDIUMISPRESENT

Description
Checks if medium is present.
Type definition

typedef 18 (USB_MSD_STORAGE MEDI UM SPRESENT) (U8 Lun);

Parameters
Parameter Description
Lun Logical unit number. Specifies for which drive the function is
called.
Return value
1 Medium is present.
0 Medium is not present.
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7.4.3.8 USB_MSD _STORAGE_DEINIT

Description

De-initializes the storage medium.

Type definition
typedef void (USB_MSD STORAGE _DEINIT) (U8 Lun);

Parameters

MSD Storage Driver

Parameter

Description

Lun

called.

Logical unit number. Specifies for which drive the function is
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Virtual Mass Storage
Component (VirtualMSD)

This chapter gives a general overview of the VirtualMSD component and describes how to
get the VirtualMSD running on the target.
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8.1 Overview

The VirtualMSD component allows to easily stream files to and from USB devices. Once the
USB device is connected to the host, files can be read or written to the application without
the need for dedicated storage memory.

This makes the software very flexible: it can be used for various types of applications and
purposes, with no additional software or drivers necessary on the host side.

The VirtualMSD software analyzes what operation is performed by the host and passes
this to the application layer of the embedded target, which then performs the appropriate
action. A simple drag and drop is all it takes to initialize this process, which is supported
by a unique active file technology.

Virtual MSD can access all data which has been created prior to the device being attached
to the host, live data cannot be provided.

VirtualMSD allows to use the storage device in a virtual manner, which means data does
not need to be stored on a physical medium.

The storage device will be shown on the host as a FAT formated volume with a configurable
size and a configurable file list.

With the help of that virtual function, the target device can be used for different applications
by simply dragging and dropping files to and from the storage medium:

e Firmware update application.
e Configuration updater.
e File system firewall - protect the target’s filesystem from being manipulated by the host.

The component itself is based on MSD class and thus can be used on virtually any OS such
as any Windows, macOS or any Linux distribution (including Android) which supports MSD,
without installing any third party tools.
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8.2 Configuration

8.2.1 Initial configuration

To get emUSB-Device-VirtualMSD up and running as well as doing an initial test, the
configuration as is delivered should not be modified.

8.2.2 Final configuration

The configuration must only be modified if emUSB-Device is deployed in your final product.
Refer to emUSB-Device Configuration on page 50 for detailed information about the generic
information functions which must be adapted.

8.2.3 Class specific configuration functions

For basic configuration please refer to the MSD chapter MSD class specific configuration
functions on page 245. In addition to the MSD configuration functions described there the
following VirtualMSD functions are available.

Function ‘ Description
emUSB-Device-VirtualMSD configuration functions
USB_VMSD X Confi g() ‘ Configures the VirtualMSD component.
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8.2.3.1 USB_VMSD_X_Config()

Description

Main user configuration function of the VirtualMSD component. This function is provided
by the user.

Prototype

voi d USB_VMsSD_X_Confi g(void);

Example

voi d USB_VMSD X Config(void) {
Il
/1 String information used when inquiring the vol une.
Il
static const USB_MSD LUN INFO _Lunlnfo = {

"Vendor ", /1 NMSD Vendor Nane
"MSD Vol unme", // WMSD Product Nane
"1.00", /1 NMSD Product Ver

"134657890" /1 NMSD Seri al No

bé

/1

/1 dobal configuration

/1

USBD_VMSD_Assi gnMenor y( & aMEMBuf fer[ 0], sizeof (_aMEMBuffer));

/1

/1 Setup LUNO

/1

USBD_VMSD_Set Nunfect or s(0, 8000);

USBD_VMSD_Set Sect orsPerCl uster (0, 32); // Anywhere from1l...128, needs to be
2" X

USBD_VMSD_Set NunRoot Di r Sect ors( 0, 2);

USBD_VMSD_Set User APl (0, & User FuncAPI);

USBD_VMSD_Set Vol unel nfo(0, "Virt0. MSD', & Lunlnfo); // Add volune | D

/1

/1 Push const contents to the vol une

/1

USBD _VMSD_AddConst Fil es(0, & aConstFiles[0], COUNTOF(_aConstFiles));

}

Additional information

During the call of USBD_VMSD_Add() this user function is called in order to configure the
VirtualMSD module according to the user’s preferences. In order to allow the user to
configure the volume it is necessary to provide either a memory block or memory allocation/
free callbacks to VirtualMSD component.

8.2.4 Running the example application

The directory Appl i cati on contains example applications that can be used with emUSB-
Device and the VirtualMSD component. To test the VirtualMSD component, build and
download the application of choice into the target. Remove the USB connection and
reconnect the target to the host. The target will enumerate and can be accessed via a file
browser.
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8.2.5 Calculation of RAM memory usage for VirtualMSD

An application has to provide RAM memory in order to use VirtualMSD either via a call to
the function USB_Vi r t ual MSD_Assi gnMenory() or by setting callback functions for memory
allocation. The amount of memory used can be calculated as follows:

For each volume:

Purpose Bytes used Minimum
Global volume information 128 128
e e e a2 or cacnie) |0
I/0 Buffer 512 512
Directory m * 512 512
FAT n*512 512
Total - 1664

The number of files that can be stored on the volume depends on the size of the directory
which is configured using USB_Vi rt ual MSD_Set NunRoot Di r Sect or s() :

Used memory max. number of

Number of root directory sectors (m) for directory files with short

(bytes) (8.3) file name
1 512 15
2 1024 31
3 1536 47
4 2048 63
5 2560 79
6 3072 95

Files with long file names may occupy multiple entries in the directory, depending on the

actual length.

The number of FAT sectors (n) depends on the virtual size of the volume (configured using
USB_Vi rtual MSD_Set NunSect or s() ) and the number of sectors per cluster:

Number of sectors Sectors per cluster fgf?:i'rp?br;?er;/) Vgﬁjpr;zxs'i;gtéjw?é)
10880 32 512 5.4
21792 32 1024 10.8
32704 32 1536 16.3
43616 32 2048 21.7
54528 32 2560 27.2
65440 32 3072 32.7
76352 32 3584 38.1
87264 32 4096 43.6
98176 32 4608 49.0
109088 32 5120 54.5
120000 32 5632 59.9
130720 32 6144 65.3
43520 128 512 21.3
87168 128 1024 43.5
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Number of sectors Sectors per cluster fl;rsii'rp?br;?erz) vgﬁjpr;(;xéi\;gt(ljn/?é)
130816 128 1536 65.3
174464 128 2048 87.1
218112 128 2560 108.9
261760 128 3072 130.8
305408 128 3584 152.6
349056 128 4096 174.4
392704 128 4608 196.2
436352 128 5120 218.1
480000 128 5632 239.9
522800 128 6144 261.3

There is no disadvantage of using the maximum possible number

(128).

of sectors per cluster

In most cases the minimal configuration (FAT = 512 and directory = 512) should be
sufficient. It supports a small number of files with a total size of all files up to 21 MB. If
more files or bigger files are needed, the required parameters can be looked up in the

tables above.
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8.3 Target API

Target API

Function

Description

API functions

USBD_VMSD_Add( )

Create VirtualMSD volumes and add MSD
interface to the device.

User supplied functions

USB_VMBSD_X_Conf i g()

User supplied function that configures all
storages of the VMSD component.

Configuration functions

USBD_VMSD_Assi gnMenory()

Assigns memory to the VirtualMSD
module.

USBD_VMBD_Set User API ()

Sets the default user callbacks for the
VirtualMSD component.

USBD _VMSD_Set NunRoot Di r Sect or s()

Sets the number of sectors which should
be used for root directory entries.

USBD_VMSD_Set Vol unel nf o()

Sets the volume name for a specified LUN.

USBD_VMSD_AddConst Fi | es()

Adds constant files to VirtualMSD.

USBD_VMSD_Set NunfSect or s()

Sets the number of sectors available on
the volume.

USBD VMSD_Set Sect or sPer Cl ust er ()

Set number of sectors per cluster.

Data structures

USB_VMSD_CONST_FI LE

This structure contains information about
a constant file which cannot be changed at
run time and should be shown inside the
VirtualMSD volume (e.g.

USB_VMSD_USER_FUNC_API

This structure contains the function
pointers for user provided functions.

USB_VMBD_FI LE_I NFO

Structure used in the read and write
callbacks.

USB_VMSD_DI R_ENTRY_SHORT

Structure used to describe an entry with a
short file name.

Function definitions

USB_VMSD_ON_READ_FUNC

Callback function prototype that is used
when calling the USBD VMSD_Set User API ()
function.

USB_VMSD_ON_WRI TE_FUNC

Callback function prototype that is used
when calling the USBD VMBD_Set User API ()
function.

USB_VMSD_MEM ALLOC

Function prototype that is used when
memory is being allocated by the
VirtualMSD module.

USB_VMSD_MEM FREE

Function prototype that is used when
memory is being freed by the VirtualMSD
module.
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8.3.1 API functions

8.3.1.1 USBD_VMSD Add()

Description

Create VirtualMSD volumes and add MSD interface to the device.

Prototype

voi d USBD_VMsD_Add(voi d);

Additional information

After the initialization of emUSB-Device, this is the first function that needs to be called
when the VirtualMSD component is used with emUSB-Device. During the call of the said
function the user function USB_VMsD X Confi g() is called in order to configure the storage
itself.
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8.3.1.2 USB_VMSD_X_Config()

Description

User supplied function that configures all storages of the VMSD component.

Prototype

voi d USB_VMsD_X_Confi g(void);

Additional information

This function is called automatically by USBD VMSD_Add() in order to allow to configure the
storage volumes that VirtualMSD should show after configuration.

Only the following functions must be called in this context:

Allowed functions with USB_X VMSD_Confi g:
USBD_VMSD Assi gnMenor y()
USBD_VMSD_Set User API ()
USBD VMSD_Set NunRoot Di r Sect or s()
USBD VMSD_Set Vol urrel nf o()
USBD VMSD AddConst Fi | es()
USBD_VMSD_Set Nunfsect or s()
USBD_VMSD_Set Sect or sPer Cl ust er ()
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8.3.1.3 USBD _VMSD_AssignMemory()

Description

Assigns memory to the VirtualMSD module.

Prototype

voi d USBD_VMsSD_Assi gnMenory(U32 * p,
u32 NunmByt es) ;

Parameters
Parameter Description
Pointer to the memory which should be dedicated to
P VirtualMSD.
NunByt es Size of the memory block in bytes.

Additional information
See Calculation of RAM memory usage for VirtualMSD on page 287.
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8.3.1.4 USBD_VMSD_SetUserAPI()

Description

Sets the default user callbacks for the VirtualMSD component.

Prototype
voi d USBD _VMBD_Set User APl (const USB_VMSD_USER FUNC_API * pUser Func);
Parameters
Parameter Description
User Func Pointer to a USB_VMSD USER FUNC API structure which holds
P the default function pointers for multiple functions.
Notes

(1) Must only be called from USB_VMSD X Confi g() during initialization phase
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8.3.1.5 USBD _VMSD_SetNumRootDirSectors()

Description

Sets the number of sectors which should be used for root directory entries.

Prototype

voi d USBD_VMsSD_Set NunRoot Di r Sect or s(unsi gned Lun,
unsi gned NunRoot Di r Sect or s) ;

Parameters

Parameter Description

Lun Specifies the logical unit number.

Number of sectors to be reserved for the root directory

NurmRoot Di r Sect or s .
entries.

Additional information

The number of sectors reserved through this function is subtracted from the number of
sectors configured by USBD VMSD Set NunfSect or s() . These sectors hold the root directory
entries for the specified LUN. A single sector contains 512 bytes, a short file name entry
(also called 8.3 filenames) needs 32 bytes, therefore a single sector has enough space for
16 root directory entries. Please note that when using LFN (long file names) the number of
entries required for a single file is dynamic (depending on the length of the file name).

Notes
(1) Must only be called from USB_VMSD_X Confi g() during initialization phase
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8.3.1.6 USBD_VMSD_SetVolumelnfo()

Description

Sets the volume name for a specified LUN.

Prototype
i nt USBD_VMSD_Set Vol unel nf o( unsi gned Lun,

const char * sVol umeNane,

const USB_MSD LUN_I NFO * pLunl nfo);
Parameters

Parameter Description
Lun Specifies the logical unit number.
sVol uneNane Pointer to a string containing the name of the LUN.
Pointer to USB_MSD_LUN | NFO structure contain all relevant
pLunl nfo MSD stri
strings.

Return value

>0 0.K.
<0 Error
Notes

(1) Must only be called from USB_VMSD_X Confi g() during initialization phase
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8.3.1.7 USBD_VMSD_AddConstFiles()

Description

Adds constant files to VirtualMSD. Allows to add multiple files which should be shown on a
VirtualMSD volume as soon as it is connected. A common example would be a "Readme.txt”
or a link to the company website.

Prototype
i nt USBD_VMSD_AddConst Fi | es( unsi gned Lun,
const USB_VMSD_CONST_FILE * paConstFil e,
unsi gned NunFi | es);

Parameters

Parameter Description
Lun Specifies the logical unit number.
paConstFil e Pointer to an array of USB_VMSD_CONST_FI LE structures.
Nunti |l es The number of items in the paConst Fi | e array.

Return value

>0 0O.K.
<0 Error

Additional information
For additional information please see USB_VMSD CONST_FI LE.

Notes
(1) Must only be called from USB_VMSD_X Confi g() during initialization phase

Example
#defi ne COUNTOF(a) (sizeof ((a))/sizeof ((a)[0]))
static const U8 _abFile_SeggerHTM[] = {0x3C, 0x68, O0x74, O0x6D, O0x6C, O0x3E, 0x3C,

0x68, 0x65, O0x61, O0x64, Ox3E, O0x3C, 0x6D, 0x65, O0x74, 0x61, 0x20, 0x68, 0x74, 0x74,
0x70, O0x2D, O0x65, 0x71, O0x75, 0x69, 0x76, O0x3D, 0x22, 0x72, 0x65, 0x66, 0x72, 0x65,
0x73, O0x68, 0x22, 0x20, 0x63, Ox6F, Ox6E, 0x74, 0x65, Ox6E, 0x74, 0x3D, 0x22, 0x30,
0x3B, 0x20, 0x75, 0x72, Ox6C, 0x3D, 0x68, 0x74, O0x74, 0x70, Ox3A, O0x2F, Ox2F, 0x77,
0x77, O0x77, Ox2E, 0x73, O0x65, 0x67, 0x67, 0x65, 0x72, Ox2E, 0x63, O0x6F, 0x6D, O0x2F,
0x69, Ox6E, O0x64, 0x65, 0x78, Ox2E, 0x68, 0x74, 0x6D, 0x6C, 0x22, 0x2F, O0x3E, 0x3C,
0x74, 0x69, 0x74, Ox6C, O0x65, Ox3E, O0x53, 0x45, 0x47, 0x47, 0x45, 0x52, 0x20, 0x53,
0x68, Ox6F, 0x72, 0x74, 0x63, 0x75, 0x74, O0x3C, Ox2F, O0x74, 0x69, 0x74, 0x6C, 0x65,
O0x3E, O0x3C, Ox2F, 0x68, 0x65, 0x61, 0x64, Ox3E, O0x3C, 0x62, O0x6F, 0x64, 0x79, Ox3E,
0x3C, Ox2F, 0x62, Ox6F, O0x64, 0x79, Ox3E, O0x3C, Ox2F, 0x68, 0x74, 0x6D, 0x6C, Ox3E};
static USB_VMSD CONST_FI LE _aConstFiles[] = {

/1 sName pDat a Fil eSi ze Fl ags
{ "Segger.htm", _abFi | e_Segger HTM., si zeof (_abFi | e_Segger HTM.) , 0, }

D

/*********************************************************************

* USB_VMSD_X_ Config

Function description

i This function is called by the USB MSD Modul e during USB VMSD I nit() and
initializes the Virtual MSD vol une.

S

voi d USB_VMSD_X_Confi g(void) {

<...>
USBD_VMSD_AddConst Fi | es(1, & aConstFiles[0], COUNTOF(_aConstFiles));
<...>

}
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8.3.1.8 USBD _VMSD_SetNumSectors()

Description

Sets the number of sectors available on the volume.

Prototype

voi d USBD_VMBD_Set NunSect or s(unsi gned Lun,
unsi gned NunSectors);

Parameters
Parameter Description
Lun Specifies the logical unit number.
Nuntect or s Specifies the number of sectors for a LUN.
Notes

(1) Must only be called from USB_VMSD_X_Confi g() during initialization phase
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8.3.1.9 USBD_VMSD_SetSectorsPerCluster()

Description

Set number of sectors per cluster.

Prototype

voi d USBD_VMSD_Set Sect or sPer d ust er (unsi gned Lun,

Parameters

unsi gned SectorsPerC uster);

Parameter

Description

Lun

Specifies the logical unit number.

Sect or sPer C ust er

Number of sectors per cluster for the LUN.

Additional information

Sect orsPer d ust er can be anywhere between 1 and 128, but needs to be a power of
2. Larger clusters save memory because the management overhead is lower, but the
maximum number of files is limited by the number of available clusters.

Notes

(1) Must only be called from USB_VMSD_X Confi g() during initialization phase
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8.3.2 Data structures

8.3.2.1 USB_VMSD CONST FILE

Description

This structure contains information about a constant file which cannot be changed at run
time and should be shown inside the VirtualMSD volume (e.g. Readme.txt). This structure
is a parameter for the USBD _VMSD AddConst Fi | es() function.

Type definition

typedef struct {
const char * sNane;
const U8 * pDat a;
unsi gned FileSize;
u32 Fl ags;

} USB_VMSD_CONST_FI LE;

Structure members

Member Description
sNane Pointer to a zero-terminated string containing the filename.
pDat a Pointer to the file data. Can be NULL.
FileSi ze F?E)zaet gf the file. Normally the size of the data pointed to by

Can be one of the following items:

e USB_VMSD FI LE_ WRI TABLE: The file is writable

Fl ags e USB VMSD_FI LE_AHEAD: File is located at the start of the
volume. Normally constant files are allocated at the end
of the volume.

Additional information

If a file does not occupy complete sectors the remaining bytes of the last sector are
automatically filled with Os on read. If pDat a is NULL the file is not displayed in the volume.
This is useful when the application has certain files which should only be displayed after
certain events (e.g. the application displays a Fail.txt when the device is reconnected after
an unsuccessful firmware update).
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8.3.2.2 USB_VMSD USER_FUNC_API

Description

This structure contains the function pointers for user provided functions. This structure is
a parameter for the USBD_VMSD_Set User API () function.

Type definition

typedef struct {
USB_VMSD _ON _READ FUNC * pf OnReadSect or;
USB_VMSD ON WRI TE_FUNC * pf OnWit eSect or;
USB_VMSD_MEM ALLOC * pf MemAl | oc;
USB_VMSD_MEM FREE * pf MenFr ee;

} USB_VMSD_USER _FUNC_API ;

Structure members

Member Description

Pointer to a callback function of type
USB_VMSD_ON READ FUNC which is called when a sector is
read from the host. This function is mandatory and can not
be NULL.

Pointer to a callback function of type

USB_VMSD_ON_WRI TE_FUNC which is called when a sector is
written from the host. This function is mandatory and can
not be NULL.

Pointer to a user provided alloc function of type
USB_VMSD _MEM ALLQC. If this pointer is NULL the internal
alloc function is called. If no memory block is assigned
USB_PANI C() is called.

Pointer to a user provided free function of type
pf Menfr ee USB_VMSD_MEM FREE. If this pointer is NULL the internal free
function is called.

pf OnReadSect or

pf OnW i t eSect or

pf MemAl | oc

emUSB-Device User Guide & Reference Manual © 2010-2026 SEGGER Microcontroller GmbH



301 CHAPTER 8 Target API

8.3.2.3 USB_VMSD FILE_INFO

Description

Structure used in the read and write callbacks.
Type definition

typedef struct {

const USB_VMSD DI R_ENTRY_SHORT * pDirEntry;
} USB_VMSD_FI LE_I NFQ,

Structure members

Member Description

pDirEntry Pointer to a USB_VMSD DI R_ENTRY_SHORT structure.

Additional information

Check USB_VMSD_ON_READ FUNC, USB_VMSD_ON_WRI TE_FUNC and
USB_VMSD DI R_ENTRY_SHORT for more information.
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8.3.2.4 USB_VMSD DIR_ENTRY_SHORT

Description

Structure used to describe an entry with a short file name. This structure is a member of
USB_VMSD_DI R_ENTRY.

Type definition

typedef struct {
us acFil enane[];

us ackExt[];

us DirAttr;

us NTRes;

us Crt Ti neTent h;
Uie CrtTine;

Ul6é CrtDate;

Ul6 Lst AccDate;
Ul6 Fstd usH;
Ule Wt Tine;
Ul6 WtDate;
Ul6 Fstd usLQ
U32 FileSize;
} USB_VMSD DI R_ENTRY_SHORT;

Structure members

Member Description

File name, limited to 8 characters (short file name), padded

acFi | enane with spaces (0x20).

File extension, limited to 3 characters (short file name),

ackxt padded with spaces (0x20).
DirAttr File attributes. Available attributes are listed below.
NTRes Reserved for use by Windows NT.

Millisecond stamp at file creation time. This field actually

GrtTi meTent h contains a count of tenths of a second.

CrtTinme Creation time.
CrtDate Date file was created.
Last access date. Note that there is no last access time, only

LstAcchate a date. This is the date of last read or write.

Fst d usHI High word of this entry’s first cluster number.
WtTine Time of last write.

Wt Dat e Date of last write.

Fst C usLO Low word of this entry’s first cluster number.
FileSi ze File size in bytes.

Additional information

The following file attributes are available for short dir entries:

Attribute Explanation
USB_VNMSD ATTR _READ ONLY The file is read-only.
USB_VMSD_ATTR_HI DDEN The file is hidden.
USB_VMSD ATTR SYSTEM The file is designated as a system file.
USB VMVSD ATTR VOLUME | D This entry is the volume ID (volume name).
USB_VNMSD_ATTR DI RECTORY The file is a directory.
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Attribute Explanation
USB_VMSD_ATTR_ARCHI VE The file has the archive attribute.
USB_VMSD ATTR LONG NAME The file has a long file name.
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8.3.3 Function definitions

8.3.3.1 USB_VMSD ON_READ FUNC

Description

Callback function prototype that is used when calling the USBD VMSD Set User API ()
function.

Type definition

typedef int (USB_VMSD ON_READ FUNC) ( unsi gned Lun,
us * pDat a,
u32 Of,
u32 NunByt es,
const USB_VMSD FILE_INFO * pFile);
Parameters
Parameter Description
Lun Zero-based index for the unit number. Using only one virtual
volume, this parameter is 0.
pDat a Pointer to a buffer in which the data is stored.
O f Offset in the file which is read by the host.
NunByt es Amount of bytes requested by the host.
OFi | e Pointer to a USB_VMSD_FI LE_| NFO structure describing the
file.

Return value

=0 Success.
0 An error occurred.
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8.3.3.2 USB_VMSD ON_WRITE_FUNC

emUSB-Device User Guide & Reference Manual

Description

Callback function prototype that is used when calling the USBD VMSD Set User API ()
function.

Type definition

typedef int (USB_VMSD _ON_WRI TE_FUNC) ( unsi gned Lun,
const U8 * pDat a,
u32 Of,
u32 NunByt es,
const USB_VMSD FILE_INFO * pFile);
Parameters
Parameter Description
Lun Zero-based index for the unit number. Using only one virtual
volume, this parameter is 0.
Pointer to the data to be written (received from the host). If
Dat a pDat a = NULL, then there are no data written by the host,
P but instead a new or changed directory entry was written,
which is provided via pFi | e.
O f Offset in the file which the host writes.
NunByt es Amount of bytes to write.
. Pointer to a USB_VMSD_FI LE_| NFO structure describing the
pFil e .
file or NULL.
Return value
0 Success.
1 Enable continuous sector mode: From now on, only forward writes to continuous
sectors to the user callback. Ignore writes to all other sectors.
-1 Disable continuous sector mode.
-2 Report write error to USB host.

Additional information

Depending on the behavior of the host operating system it is possible that pFi | e is NULL.
In this case we recommend to perform data analysis to recognize the file.
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8.3.3.3 USB_VMSD MEM_ALLOC

Description

Function prototype that is used when memory is being allocated by the VirtualMSD module.

Type definition
typedef void * (USB_VMSD_MEM ALLQOC) (U32 Size);

Parameters

Parameter Description

Si ze Si ze of the required memory in bytes.

Return value

Pointer to the allocated memory or NULL.
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8.3.3.4 USB_VMSD MEM_FREE

Description

Target API

Function prototype that is used when memory is being freed by the VirtualMSD module.

Type definition

typedef void (USB_VMSD_MEM FREE) (void * p);

Parameters

Parameter

Description

Pointer to a memory block which was previously allocated by

USB_VMBD_MEM ALLCC.
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Media Transfer Protocol Class
(MTP)

This chapter gives a general overview of the MTP class and describes how to get the MTP
component running on the target.

MTP

-y
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9.1 Overview

The Media Transfer Protocol (MTP) is a USB class protocol which can be used to transfer files
to and from storage devices. MTP is an official extension of the Picture Transfer Protocol
(PTP) designed to allow digital cameras to exchange image files with a computer. MTP
extends this by adding support for arbitrary data types.

MTP is an alternative to Mass Storage Device (MSD) and in contrast to MSD which reads
and writes sector data, it operates at the file level. This type of operation gives MTP some
advantages over MSD:

e The cable can be safely removed during a data transfer without damaging the file
system.

e The file system does not need to be FAT (can be the SEGGER emFile File System (EFS)
or any other proprietary file system)

e The application has full control over which files are visible to the user. Selected files or
directories can be hidden.
Virtual files can be presented.
Host and target can access storage simultaneously without conflicts.

MTP is supported by most operating systems out of the box and the installation of additional
drivers is not required.

emUSB-Device-MTP supports the following capabilities:

File read

File write
Format

File delete
Directory create
Directory delete

emUSB-Device-MTP comes as a complete package and contains the following:

Generic USB handling

MTP device class implementation

Storage driver which uses emFile

Sample application showing how to work with MTP
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9.1.1 Getting access to files

Overview

An MTP device will be displayed under the “Portable Devices” section in the “Computer”
window when connected to a PC running the Microsoft Windows 7 operating system:
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The file and directories stored on the device are accessed in the usual way using the

Windows Explorer:
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On the Ubuntu Linux operating system a connected MTP device is shown in the "Computer”

window:

r

@ - 0 Computer
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M Floppy Disk
® MTPdevice &

Computer
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The files and directories present on the MTP device can be easily accessed via GUI:
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On other operating systems the data stored on MTP devices can be accessed similarly.
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macOS does not support MTP natively, therefore a third party tool is necessary. Please have
a closer look on our wiki pages to this topic.
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9.1.2 Additional information

For more technical details about MTP and PTP follow these links:
MTP specification

PTP specification

9.1.3 Error handling on Host side

It seems that the MTP module on the Windows has been changed from Windows 7/8.1
to Windows 10/11 with the consequence that the error handling is not working properly
anymore at least when MTP is used with Windows Explorer. In some cases no error message
is shown the operation is just aborted. Own written tools or any third party such as the
Multi-Commander Multi-Commander which have a native support of MTP called portable
devices show proper error messages. On Linux there are different ways to integrate MTP
with the root file system either by using a FUSE implementation (such as mtpfs or jmtpfs)
or any extensions for the desktop manager/file manager such as gvfs. In most cases that
add-on is based on libmtp. Depending on the version you may get different results when
an error is passed from the MTP device to the host (libmtp)
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9.2 Configuration

9.2.1 Initial configuration

To get emUSB-Device-MTP up and running as well as doing an initial test, the configuration
as delivered with the sample application should not be modified.

9.2.2 Final configuration

The configuration must only be modified when emUSB-Device is integrated in your final
product. Refer to section emUSB-Device Configuration on page 50 for detailed information
about the generic information functions which have to be adapted.

9.2.3 emkFile and MTP configuration for UTF8 characters

If you need to support non-ASCII characters you need to set the
define MIP_SUPPORT UTF8 to 1 in your USB Conf.h file. Furthermore you
need to set the defines FS SUPPORT_FI LE NAME ENCODI NG, FS SUPPORT_EXT_ASC |
and FS SUPPORT_MBCS to 1 in your FS Conf.h file. Additionally you
must make sure that LFN is active (FS FAT SupportLFN()) and that the
following functions have been called: FS_Set Char Set Type(&FS _CHARSET CP932),
FS_FAT_ Set LFNConvert er (&FS_UNI COCDE_CONV_UTF8). See the emFile documentation for
details.

If you are not using emFile you must make sure that your filesystem is using UTFS8.

9.2.4 Class specific configuration

Beside the generic emUSB-Device configuration functions (emUSB-Device Configuration on
page 50), the following should be adapted before the emUSB-Device MTP component is used
in a final product. Example implementations are supplied in the MSD example application
USB MIP_Start. c, located in the Appl i cati on directory of emUSB-Device.

An MTP device is required to present an additional information set to the host. These values
are added during the initial call to USBD MIP_Add() .

Example
static const USB_MIP_INFO _MIPInfo = {
"Vendor ", /1 MIP Manuf acturer
" St orage device", // MIP Model
"1.0", [/ MIP Devi ceVer si on

"0123456789ABCDEF0123456789ABCDEF" // MIP Seri al Nunber .
/1 It must be exactly 32 characters | ong.

}
I ni t Data. pMIPI nfo = & MIPI nf o;

USB_MIP_Add( & ni t Dat a) ;

9.2.5 Compile time configuration

The following macros can be added to USB_Conf. h file in order to configure the behavior
of the MTP component.

The following types of configuration macros exist:

Binary switches "B"

Switches can have a value of either 0 or 1, for deactivated and activated respectively.
Actually, anything other than 0 works, but 1 makes it easier to read a configuration file.
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These switches can enable or disable a certain functionality or behavior. Switches are the
simplest form of configuration macros.

Numerical values "N"

Numerical values are used somewhere in the code in place of a numerical constant.

Type

Macro

Default

Description

MIP_MAX_NUM STORAGES

Maximum number of storage units the
storage layer can handle. 4 additional
bytes are allocated for each storage
unit.

MTP_SAVE_FI LE_I NFO

Specifies if the object properties (file
size, write protection, creation date,
modification date and file id) should
be stored in RAM for quick access

to them. This can have noticeable
impact on displaying folders with
large amount of objects in them. With
this switch set to 0 objects require

12 bytes + the size of the file name
inside the object list memory area. 33
additional bytes of RAM are required
for each object when the switch is set
to 1.

MIP_MAX_FI LE_PATH

256

Maximum number of characters in the
path to a file or directory.

MI'P_SUPPORT_UTF8

Names of the files and directories
which are exchanged between the
MTP component and the file system
are encoded in UTF-8 format.

MIP_SUPPORT_EVENTS

Support Events such as object
removed/added, new storage added/
removed.

USB_MTP_NAME_CASE_SENSI TI \

13]

When checking file names and
directory names the string compare
will be case sensitive.

USB_MTP_OLD_MOUNTI NG_BEHAY

IGOR

With version V3.54.0 and older the
MTP Storage layer for emFile would
automatically call FS_Mbunt . This is no
longer the case. This define allows to
restore this old behavior, when set to
1 the storage layer will call FS_Mount
automatically.
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9.3 Running the sample application

The directory Application contains a sample application USB_MIP_Start.c which can
be used with emUSB-Device and the MTP component. To test the emUSB-Device-MTP
component, the application should be built and then downloaded to target. Remove the
USB connection and reconnect the target to the host. The target will enumerate and will
be accessible via a file browser.

emUSB-Device User Guide & Reference Manual © 2010-2026 SEGGER Microcontroller GmbH



317

9.4 Target API

CHAPTER 9

Target API

Function

Description

API functions

USBD_MTP_Add()

Adds an MTP interface to the USB stack.

USBD_MTIP_AddsSt or age()

Adds a storage device to emUSB-Device-
MTP.

USBD _MIP_RenpveSt or age()

Removed a storage previously added via
USBD MIP_AddsSt or age() .

USBD_MIP_Task()

Main task function of MTP component
which processes the commands from host.

USBD_MTP_Pol | ()

Function which handles MTP commands.

USBD _MIP_SendEvent ()

Sends an event notification to the host.

USBD MIP_Set Obj ect Al | ocFai | Cb()

Allows to set a callback which is called
when the object list is full and new objects
can no longer be allocated.

USBD MIP_Set Oper ati onCh()

Allows to set a callback which is called
when operations are executed by the host
operating system via MTP.

USBD_MIP_Set Wit eProtectionCh()

Allows to set a callback which is called on
all write operations (write, rename, create,
delete, modify) and allows the application
to prevent the operation for selected files.

Data structures

USB_MTP_FI LE_I NFO

Structure which stores information about a
file or directory.

USB_MTP_I NI T_DATA

Structure which stores the parameters of
the MTP interface.

USB_MTP_| NFO

Structure that is used when initialising the
MTP module.

USB_MTP_| NST_DATA

Structure which stores the parameters of
storage driver.

USB_MTP_| NST_DATA DRI VER

Structure which stores the parameters
passed to the storage driver.

USB_MTP_STORAGE_API

Structure that contains callbacks to the
storage driver.

USB_MTP_STORAGE_| NFO

Structure which stores information about a
storage.

USB_MTP_OPERATI ON_| NFO

Structure which provides information
about a new MTP operation.

Enums

USB_MTP_EVENT

Enum containing the MTP event codes.

USB_MTP_OPERATI ON_CB_TYPE

Enum containing the callback operation
types.

USB_MTP_STORAGE_CB_TYPE

Enum containing the callback
operation types for the
USB_MTIP_WP_CB callback registered via
USBD MIP_Set WiteProtectionCh().

Proto

types

USB_MIP_OBJECT_ALLOC_FAI L

Callback which can be set via
USBD MIP_Set Cbj ect Al | ocFai | Ch() .
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Function

Description

USB_MTP_OPERATI ON_CB

Callback which can be set via
USBD MIP_Set Oper ati onCh() .

USB_MTP_WP_CB

Callback which can be set via
USBD MIP_Set WiteProtectionCh().
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9.4.1 APIfunctions

9.4.1.1 USBD_MTP_Add()

Description
Adds an MTP interface to the USB stack.

Prototype
int USBD MIP_Add(const USB_MIP_I NIl T_DATA * plnitData);
Parameters
Parameter Description
pl ni t Dat a Pointer to a USB_MIP_I NI T_DATA structure.

Return value
0 - Successfully added.

Additional information

After the initialization of USB core, this is the first function that needs to be called when
an MTP interface is used with emUSB-Device. The structure USB_MIP_I NI T_DATA has
to be initialized before USB_MIP_Add() is called. Refer to USB_MIP_I NI T_DATA for more
information.
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9.4.1.2 USBD_MTP_AddStorage()

Description
Adds a storage device to emUSB-Device-MTP.

Prototype
USB_MIP_STORAGE_HANDLE USBD_MTIP_AddSt or age( const USB_MIP_I NST_DATA * pl nst Dat a) ;
Parameters
Parameter Description
| nst Dat a Pointer to a USB_MTP_I NST_DATA structure which contains
P the parameters of the added storage.

Return value

=0 Invalid handle, storage could not be added
+#0 A valid storage handle, this handle can be used with the USBD_MIP_SendEvent to
indicate an event to the host.

Additional information

It is necessary to call this function immediately after USBD MIP_Add() and before
USBD _MIP_Task() /USBD MTIP_Pol | () is called. This function adds a storage device such as
a hard drive, MMC/SD card or NAND flash etc., to emUSB-Device-MTP, which will be used
as source/destination of data exchange with the host. The structure USB_MTP_I NST_DATA
must be initialized before USB_MIP_AddSt or age() is called. Refer to USB_MIP_I NST_DATA
for more information.

If a storage was removed in the middle of operation via USBD MIP_RenoveSt or age()
it can be added again by calling this function with the same parameters. Additionally
the host must be informed of the change by calling USBD MIP_SendEvent ( Handl e,
USB_MTP_EVENT_STOREADDED, NULL)
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9.4.1.3 USBD_MTP_RemoveStorage()

Description
Removed a storage previously added via USBD _MIrP_AddSt or age() .

Prototype
int USBD_MIP_RenoveSt or age( USB_MIP_STORAGE_HANDLE hSt or age) ;
Parameters

Parameter Description
hSt or age Valid storage handle.

Return value

=0 Storage removed
+#0 An error occurred.

Additional information

It is necessary to notify the host about the storage removal through an MTP event prior
to calling this function. The following call can be used: USBD MIP_SendEvent ( Handl e,
USB_MTP_EVENT _STOREREMOVED, NULL)
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9.4.1.4 USBD_MTP_Task()

Description

Main task function of MTP component which processes the commands from host.

Prototype

voi d USBD_MIP_Task(voi d);

Additional information

The USBD MIP_Task() should be called after the USB device has been successfully
enumerated and configured. The function returns when the USB device is detached or
suspended.

Check USBD_MIP_Pol | () if you need a non-blocking version.
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9.4.1.5 USBD_MTP_Poll()

Description

Function which handles MTP commands. Using this function is only necessary if you want
to avoid using the blocking USB_MIP_Task function. This can be necessary if you are not
using an RTOS.

Prototype

int USBD _MIP_Pol | (void);

Return value

2 0.K. Command was processed, but a protocol error occurred.
1 0.K. Command was processed successfully.
0 O.K. Timeout occurred.

1 An error occurred. (e.g. no cable connected).

Additional information

This function must be called periodically, otherwise the host can time out the device since
it does not process commands. It normally blocks for USB_MIP_PCOLL_TI MEQOUT milliseconds
while waiting for a command from the host. Should a command arrive during the timeout it
will be processed (and the function will block for the complete duration of the command),
which could potentially increase the block duration. The duration could also decrease
because the function returns as soon as a command is finished.

In case of return value 2 the calling task should still call this function again, if possible
recovery will be initiated.
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9.4.1.6 USBD_MTP_SendEvent()

Description

Sends an event notification to the host.

Prototype
int USBD MIP_SendEvent (USB_MIP_STORAGE HANDLE  hSt or age,
USB_MIP_EVENT Event ,
voi d * pPara);
Parameters
Parameter Description
hst or age Handle to a storage that was returned by
USBD MIP_AddsSt or age() .
Event that occurred. The following events are currently
supported:
e USB_MIP_EVENT OBJECTADDED
e USB_MIP_EVENT OBJECTREMOVED
Event e USB_MIP_EVENT_ STOREADDED
e USB_MIP_EVENT_ STOREREMOVED
e USB_MIP_EVENT_OBJECTI NFOCHANGED
e USB MIP_EVENT_STOREFULL
e USB_MIP_EVENT_STORAGEl NFOCHANGED
Pointer to additional information. This parameter depends on
the event. In case of Event =
e USB MIP_EVENT OBJECTADDED
e USB MIP_EVENT OBJECTREMOVED
oPar a e USB_MIP_EVENT OBJECTI NFOCHANGED
pPar a is a pointer to a filled USB_MIP_FI LE_| NFO structure.
e USB_MIP_EVENT STOREADDED
e USB_MIP_EVENT STOREREMOVED
e USB MIP_EVENT_ STORAGEI NFOCHANGED
pPar a is not used and can be NULL.

Return value

=0 Event sent out successfully.
*0 Event could not be sent.

Additional information

Sending an event notification to the MTP host makes sure that the MTP host is aware of
changes in the file system of the storage. This function can also be used to notify that
a storage has been added or removed. The events USB_MIP_EVENT_STOREREMOVED and
USB_MTIP_EVENT_STOREADDED do not affect the internal object list.

Example

static void _GetFilelnfo(const char * sPath, USB MIP_FILE | NFO * pFil el nfo) ({
const char * s;
Ug AttrFS;
Ug AttrMIP;

nmenset (pFil el nfo, 0, sizeof (USB_MIP_FILE | NFO);
s = strrchr(sPath, "\\');
if (s) {
s++; // Go to the next character after '\’
} else {
s = sPat h;
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}
11

/1 In case the file path starts with \ skip this.
Il
if (*sPath == "\\") {
sPat h++;
}

pFi | el nf o- >pFi | eNane (char *)s;

pFi | el nf o- >pFi | ePat h (char *)sPath;

FS Get Fi |l eTi neEx( pFi | el nf o- >pFi | ePat h, &pFil el nfo->CreationTi ne,
FS_FI LETI ME_CREATE) ;

FS Get Fi |l eTi neEx( pFi | el nfo->pFi | ePat h, &pFil el nfo->LastWiteTineg,
FS_FI LETI ME_MODI FY) ;

pFil el nfo->IsDirectory = 0;

AttrFS = FS GetFileAttributes(pFilelnfo ? pFilePath);

if (AttrFS & FS_ATTR DI RECTORY) {

pFil el nfo->IsDirectory = 1;
}

AttrMIP = 0O;

if (AttrFS & FS ATTR READ ONLY) {
AttrMIP | = MIP_FI LE_ATTR WP,

}

if (AttrFS & FS_ATTR SYSTEM {
AttrMIP | = MIP_FI LE_ATTR SYSTEM
}

if (AttrFS & FS_ATTR HI DDEN) {
AttrMIP | = MIP_FI LE_ATTR HI DDEN;
}

pFil el nfo->Attributes = AttrMIP;
}

static int _WiteLogFile(const char * sLogFilePath) ({
char ac[30];
FS_FILE * pFile;
int r = 0;
USB_MIP_FILE_INFO Fil el nfo = {0};

if (FS_IsVoluneMounted("")) {
I
/1l Check whether file already exists
I
pFile = FS_FQpen(sLogFilePath, "r");
if (pFile) {
r = USB_MIP_EVENT_OBJECTI NFOCHANGED;
FS _Fcl ose(pFile);
} else {
r = USB_MIP_EVENT_OBJECTADDED,;
}
pFile = FS_FQpen(sLogFil ePath, "a+");
if (pFile) {
sprintf(ac, "OS_ Tine = %8d\r\n", (int)0S GetTinme());
FS Wite(pFile, ac, 20);
FS _Fcl ose(pFile);
} else {
r = 0;
}
}
_GetFilelnfo(sLogFil ePath, &Filelnfo);
I
/1 Send events to the host.
I
USBD_MIP_SendEvent (_ahStorage[ 0], (USB_MIP_EVENT)r, &Filelnfo);
USBD_MIP_SendEvent (_ahSt orage[ 0], USB_MIP_EVENT _STORAGEI NFOCHANGED, NULL);
return r;
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9.4.1.7 USBD_MTP_SetObjectAllocFailCh()

Description

Allows to set a callback which is called when the object list is full and new objects can no
longer be allocated. See USB_MIP_OBJECT ALLCC FAI L for details.

Prototype
voi d USBD_MIP_Set Obj ect Al | ocFai | Co( USB_MIP_OBJECT_ALLOC FAIL * pf);
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9.4.1.8 USBD_MTP_SetOperationCh()

Description

Allows to set a callback which is called when operations are executed by the host operating
system via MTP. See USB_MIP_OPERATI ON_CB for details.

Prototype
voi d USBD_MTP_Set Oper ati onCh( USB_MIP_OPERATI ON_CB * pf);
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9.4.1.9 USBD_MTP_SetWriteProtectionCh()

Description

Allows to set a callback which is called on all write operations (write, rename, create,
delete, modify) and allows the application to prevent the operation for selected files. See
USB_MIP_WP_CB for details.

Prototype
void USBD_MIP_Set WiteProtecti onCb(USB_MIP_WP_CB * pf);
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9.4.2 Data structures

9.4.2.1 USB_MTP_FILE_INFO

Description

Target API

Structure which stores information about a file or directory.

Type definition

typedef struct {

const char * pFil ePat h;
const char * pFil eNane;

u64 FileSize;

u32 CreationTi ne;
u32 Last WiteTine;
us IsDirectory;
us Attributes;
us acld[];

} USB_MIP_FI LE_I NFO

Structure members

Member Description
pFi | ePat h Full path to file.
pFi | eNane Pointer to beginning of file/directory name in pFi | ePat h.
Fil eSi ze Size of the file in bytes.

CreationTi ne

The time and date when the file was created.

Last WiteTinme

The time and date when the file was last modified.

| sDirectory

Set to 1 if the path points to a directory.

Attributes

Bitmask of file attributes (MIP_FI LE_ATTR ...).

acld

Unique identifier which persists between MTP sessions.

Additional information

The date and time is formatted as follows:

Bit Value o
range range Description
0-4 0-29 2-second count
5-10 0-59 Minutes
11-15 |0-23 Hours
16-20 |1-31 Day of month
21-24 | 1-12 Month of year
25-31 | 0-127 | Number of years since 1980

The following attributes are supported:

Bitmask

Description

MIP_FI LE_ATTR WP

File/directory can not be modified.

MIP_FI LE_ATTR_SYSTEM

of the system.

File/directory is required for the correct functioning

MIP_FI LE_ATTR_H DDEN

File/directory should not be shown to the user.

acl d should be unique for each file and directory on the file system and it should be
persistent between MTP sessions.
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9.4.2.2 USB_MTP_INIT_DATA

Description

Structure which stores the parameters of the MTP interface.

Type definition

typedef struct {

us EPI n;

us EPCut ;

us EPI nt ;

voi d * pQCbj ect Li st ;

u32 NurmByt esObj ect Li st ;
voi d * pDat aBuf f er;

u32 NurmByt esDat aBuf f er ;
const USB_MIP_I NFO * pMIPI nf o;

us I nterfaceNum

u32 NurmByt esAl | ocat ed;
u32 NumCbj ect s;

} USB_MIP_I NI T_DATA;

Structure members

Member Description
EPI n Endpoint for receiving data from host.
EPCQut Endpoint for sending data to host.
EPI nt Endpoint for sending events to host.

Pointer to a memory region where the list of MTP objects
is stored. Should be 4 byte aligned. Each object requires
pObj ect Li st a minimum of 12 bytes + the size of the file name inside
the this list. 33 more bytes are needed per object if
MIP_SAVE_FI LE_I NFOis set to 1.

NunByt esObj ect Li st Number of bytes allocated for the object list.
pDat aBuf f er E(L)Jlfrf\;t:r to a memory region to be used as communication
NunByt esDat aBuf f er Number of bytes allocated for the data buffer.
Pointer to a USB_MTP_I| NFO structure. Filling this structure is
PMIPI nf o mandatory.
I nterfaceNum Internal use.
NunByt esAl | ocat ed Internal use.
Numbj ect s Internal use.

Additional information

This structure holds the endpoints that should be used with the MTP interface. Refer to
USBD_AddEP() for more information about how to add an endpoint.

The number of bytes in the pDat aBuf f er should be a multiple of USB maximum packet size.
The number of bytes in the object list depends on the number of files/directories on the
storage medium. An object is assigned to each file/directory when the USB host requests
the object information for the first time.

emUSB-Device User Guide & Reference Manual © 2010-2026 SEGGER Microcontroller GmbH



331 CHAPTER 9 Target API

9.4.2.3 USB_MTP_INFO

Description

Structure that is used when initialising the MTP module.

Type definition

typedef struct {
const char * pManufacturer;
const char * pModel;
const char * pDevi ceVersi on;
const char * pSeri al Nunber;
} USB_MIP_I NFO

Structure members

Member Description
pManuf act ur er Name of the device manufacturer.
pModel Model name of the MTP device.
pDevi ceVer si on Version of the MTP device.

Serial number of the MTP device. The serial number should
contain exactly 32 hexadecimal characters. It must be
unigque among devices sharing the same model hame and
device version strings. The MTP device returns this string in
the Serial Number field of the Devicelnfo dataset. For more
information, refer to MTP specification.

pSeri al Number
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9.4.2.4 USB_MTP_INST DATA

Description

Structure which stores the parameters of storage driver.

Type definition

typedef struct {
const USB_MIP_STORAGE_API * pAPI;
const char * sDescription;
const char * sVol unel d;
USB_MTP_| NST_DATA DRI VER Dri ver Dat a;

} USB_MTP_| NST_DATA;

Structure members

Member Description

Pointer to a structure that holds the storage device driver
API.

Human-readable string which identifies the storage. This
string is displayed in Nautilus/Windows Explorer/etc.

pPAPI

sDescri ption

Unique volume identifier This field must be up to 256
sVol unel d characters long but only the first 128 are significant and
these must be unique for all storages of an MTP device.

Driver data that are passed to the storage driver. Refer to
Dri ver Dat a USB_MTP_I NST_DATA DRI VER for detailed information about
how to initialize this structure.

Additional information

The MTP device returns the sDescri pti on string in the Storage Description parameter and
the sVol unel d in the Volume Identifier of the StorageInfo dataset. For more information,
refer to MTP specification.
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9.4.25 USB_MTP_INST DATA_DRIVER

Description

Structure which stores the parameters passed to the storage driver.

Type definition

typedef struct {
const char * pRootDir;
us | sRenovabl e;
us Pr ot ect ;

} USB_MIP_| NST_DATA DRI VER

Structure members

Member Description
pRoot Di r Path to directory to be used as the root of the storage.
| sRenpvabl e Set to 1 if the storage is removable.

Set write protection for this storage to prevent
Pr ot ect writing / deleting of files or formating the storage, see
MIP_STORAGE PROTECT ... macros.

Additional information

pRoot Di r can specify the root of the file system or any other subdirectory.
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9.4.2.6 USB_MTP_STORAGE_API

Structure that contains callbacks to the storage driver.

Type definition

typedef struct {
USB_MIP_STORAGE INI T

USB_MIP_STORAGE_GET_| NFO
USB_MIP_STORAGE_FI ND_FI RST_FI LE
USB_MIP_STORAGE_FI ND_NEXT_FI LE
USB_MIP_STORAGE_OPEN FI LE
USB_MIP_STORAGE_CREATE_FI LE
USB_MIP_STORAGE_READ FROM FI LE
USB_MIP_STORAGE WRI TE_TO FI LE
USB_MIP_STORAGE_CLOSE_FI LE
USB_MIP_STORAGE_REMOVE_FI LE
USB_MIP_STORAGE_CREATE_ DI R
USB_MIP_STORAGE_REMOVE DI R

USB_MIP_STORAGE_FORMAT

USB_MTP_STORAGE_RENAME_FI LE

USB_MTP_STORAGE DEINI T

USB_MIP_STORAGE_GET_FI LE_ATTRI BUTES
USB_MIP_STORAGE_MODI FY_FI LE_ATTRI BUTES
USB_MIP_STORAGE_GET_FI LE_CREATI ON_TI MVE
USB_MIP_STORAGE_GET_FI LELAST WRI TE_TI ME
USB_MIP_STORAGE_GET FILE_ID
USB_MIP_STORAGE GET_FI LE_SI ZE
USB_MIP_STORAGE_GET_FI LE_| NFO

} USB_MIP_STORAGE_API ;

Structure members

pflnit;

pf Get | nf o;
pfFindFirstFile;

pf Fi ndNext Fi | e;

pf OpenFi | e;

pf Creat eFi | e;

pf ReadFronti | e;

pf WiteToFil e;

pf C oseFi | e;

pf RemoveFi | e;
pfCreateDir;

pf RemoveDir;

pf For mat ;

pf RenaneFi | e;

pf Del nit;

pf Get Fil eAttri butes;
pf Modi fyFi | eAttri butes;
pf Get Fi | eCreationTi ne;
pf Get Fi | eLast Wit eTi ne;
pf CGet Fil el d;

pf Get Fi |l eSi ze;

pf Get Fi | el nf o;

L I D S S I R N N N N N N I N . N S N

Member Description
pflnit Initializes the storage medium.
of Get I nf o Returns information about the storage medium such as

storage capacity and the available free space.

pfFindFirstFile

Returns information about the first file in a given directory.

pf Fi ndNext Fi | e

Moves to next file and returns information about it.

pf OpenFi |l e

Opens an existing file.

pfCreateFile

Creates a new file.

pf ReadFronti | e

Reads data from the current file.

pf WiteToFile

Writes data to current file.

pf Cl oseFil e

Closes the current file.

pf RenoveFi | e

Removes a file from storage medium.

pfCreateDir

Creates a new directory.

pf RemoveDi r

Removes a directory from storage medium.

pf For mat

Formats the storage.

pf RenaneFi | e

Changes the name of a file or directory.

pf Del ni t

De-initializes the storage medium.

pf Get Fi |l eAttri butes

Reads the attributes of a file or directory.

pf Modi fyFi | eAttri butes

Changes the attributes of a file or directory.

pf Get Fi | eCreationTi ne

Returns the creation time of a file or directory.
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Member

Description

pf Get Fi |l eLast WiteTi ne

Returns the time of the last modification made to a file or
directory.

pfGetFileld

Returns the unique ID of a file or directory.

pf Get Fi | eSi ze

Returns the size of a file in bytes.

pf GetFilelnfo

[Optional] Returns information about a file.

Additional information

USB_MTP_STORAGE_API is used to retrieve information from the storage device driver or
access data that needs to be read or written. Detailed information can be found in MTP
Storage Driver on page 346.
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9.4.2.7 USB_MTP_STORAGE_INFO

Description

Structure which stores information about a storage.
Type definition

typedef struct {

u32 NunKByt esTot al ;
u32 NunKByt esFr eeSpace;

Ul6 FSType;
us | sWiteProtected;
us | sRenmovabl e;

char DirDelimter;
us Bi gFi | eSupport;
} USB_MIP_STORAGE | NFO,

Structure members

Member Description
NunKByt esTot al Storage capacity in kBytes
NunKByt esFr eeSpace Available free space on storage in kBytes
FSType Type of file system as specified by MTP
I sWiteProtected Set to 1 if the storage medium can not be modified
| sRenmovabl e Set to 1 if the storage medium can be removed from device
DirDelimter Character which separates the directory/file names in a path
Bi gFi | eSupport Store layer should set this to 1 if it supports files > 4GB.
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9.4.2.8 USB_MTP_OPERATION_INFO

Description
Structure which provides information about a new MTP operation.
Type definition
typedef struct {
const char * pFil ePath;

us I sDirectory;
} USB_MIP_OPERATI ON_I| NFO,

Structure members

Member Description
pFi | ePat h Full path to file.
IsDirectory Set to 1 if the path points to a directory.
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9.4.3 Defines

9.4.3.1 Write protection attributes

Description

Flags to set write protection for a storage. To be used in the USB_MI'P_| NST_DATA DRI VER
structure.

Definition

#define MIP_STORAGE_PROTECT _WRI TE 0x01u

#define MIP_STORAGE_PROTECT DELETE  0x02u
#define MIP_STORAGE_PROTECT FORMAT  0x04u
#def i ne MIP_STORAGE_PROTECT ALL 0x07u

Symbols

Definition Description
MIP_STORAGE_PROTECT W\RI Rihibit file write
MTP_STORAGE_PROTECT_DHELIEFIbIt file delete
MIP_STORAGE_PROTECT FORR#dhibit storage formatting
MIP_STORAGE_PROTECT_AL|LProhibit all write access
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944 Enums

9.44.1 USB_MTP_EVENT

Description

Enum containing the MTP event codes.

Type definition

typedef enum {
USB_MTP_EVENT_UNDEFI NED,
USB_MTP_EVENT_CANCEL TRANSACTI ON,
USB_MTP_EVENT_OBJECTADDED,
USB_MTP_EVENT_OBJECTREMOVED,
USB_MTP_EVENT_STOREADDED,
USB_MTP_EVENT _STOREREMOVED,
USB_MTP_EVENT_DEVI CEPROPCHANGED,
USB_MTP_EVENT_OBJECTI NFOCHANGED,
USB_MTP_EVENT_DEVI CEI NFOCHANGED,
USB_MIP_EVENT_REQUESTOBJECTTRANSFER,
USB_MTIP_EVENT_STOREFULL,
USB_MTP_EVENT_DEVI CERESET,
USB_MIP_EVENT_STORAGEI NFOCHANCGED,
USB_MIP_EVENT_CAPTURECOVPLETE,
USB_MI'P_EVENT_UNREPORTEDSTATUS,
USB_MTP_EVENT_OBJECTPROPCHANGED,
USB_MTP_EVENT_OBJECTPROPDESCCHANGED,
USB_MIP_EVENT_0OBJECTREFERENCESCHANGED

} USB_MIP_EVENT;

Enumeration constants

Target API

Constant

Description

USB_MTP_EVENT_UNDEFI NED

This event code is undefined, and is
not used

USB_MTP_EVENT_CANCEL TRANSACTI ON

This event is used to initiate the
cancellation of a transaction over
transports which do not have their
own mechanism for canceling
transactions. Currently not used.

USB_MIP_EVENT_OBJECTADDED

This event informs the host about a
new object that has been added to the
storage.

USB_MTP_EVENT_OBJECTREMOVED

Informs the host that an object has
been removed.

USB_MTP_EVENT_STOREADDED

This event indicates that a storage has
been added to the device. It allows

to dynamically show the available
storages.

USB_MTP_EVENT _STOREREMOVED

This event indicates that a storage has
been removed to the device. It allows
to dynamically hide the available
storages.

USB_MIP_EVENT_DEVI CEPROPCHANGED

A property changed on the device has
occurred. Currently not used.

USB_MTP_EVENT_OBJECTI NFOCHANGED

This event indicates that the
information for a particular object
has changed and that the host should
acquire the information once again.
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Constant

Description

USB_MTP_EVENT_DEVI CEI NFOCHANGED

This event indicates that the
capabilities of the device have
changed and that the Devicelnfo
should be requested again. Currently
not used.

USB_MTP_EVENT REQUESTOBJECTTRANSFER

This event can be used by the device
to ask the host to initiate an file object
transfer to him. Currently not used.

USB_MTP_EVENT_STOREFULL

This event should be sent when a
storage becomes full.

USB_MIP_EVENT_DEVI CERESET

Notifies the host about an internal
reset. Currently not used

USB_MTP_EVENT_STORAGEI NFOCHANGED

This event is used when information of
a storage changes.

USB_MIP_EVENT_CAPTURECOVPLETE

Informs the host that the previously
initiated capture acquire is complete.
Currently not used.

USB_MTP_EVENT_UNREPORTEDSTATUS

This event may be implemented for
certain transports in cases where the
responder unable to report events to
the initiator regarding changes in its
internal status. Currently not used.

USB_MIP_EVENT_OBJECTPROPCHANGED

Informs about a change in the
object property of an specific object.
Currently not used.

USB_MTP_EVENT_OBJECTPROPDESCCHANGED

This event informs that the property
description of an object property has
been changed and needs to be re-
acquired. Currently not used.

USB_MTP_EVENT_OBJ ECTREFERENCESCHANGED

This event is used to indicate that the
references on an object have been
updated. Currently not used.
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9.4.4.2 USB_MTP_OPERATION_CB_TYPE

Description

Enum containing the callback operation types.

Type definition

typedef enum {
USB_MTP_CPERATI ON_CBJECT_ADDED,
USB_MTP_OPERATI ON_CBJECT _REMOVED,
USB_MIP_COPERATI ON_OBJECT_RENAVED_OLD_NANME,
USB_MTP_CPERATI ON_CBJECT_RENAMED NEW NANVE
} USB_MIP_OPERATI ON_CB_TYPE;

Enumeration constants

Constant Description
USB_MIP_OPERATI ON_OBJECT_ADDED A new object has been added.
USB_MIP_OPERATI ON_OBJECT_REMOVED An object is about to be removed.

An object is being renamed - old

USB_MI'P_OPERATI ON_OBJECT _RENAMED COLD NAME .
- = - - - = name of the object.

An object is being renamed - new

USB_MI'P_COPERATI ON_OBJECT_RENAMED_ NEW NANME .
- - - - - = name of the object.
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Enum containing the callback operation types for the USB_MIP_WP_CB callback registered
via USBD_MTP_Set Wit eProtecti onCh()

Type definition

typedef enum {
USB_MIP_STORAGE_CB_FI LE_CREATE,
USB_MIP_STORAGE_CB_FI LE_REMOVE,
USB_MIP_STORAGE_CB_ DI R_CREATE,
USB_MIP_STORAGE_CB DI R_REMOVE,
USB_MTP_STORAGE_CB_RENAME,
USB_MTP_STORAGE_CB_MODI FY

} USB_MTP_STORAGE_CB_TYPE;

Enumeration constants

Constant

Description

USB_MTP_STORAGE_CB_FI LE_CREATE

File is being created.

USB_MIP_STORAGE_CB_FI LE_REMOVE

File is being deleted.

USB_MIP_STORAGE_CB_DI R_CREATE

Directory is being created.

USB_MTP_STORAGE_CB_DI R_REMOVE

Directory is being removed.

USB_MTP_STORAGE_CB_RENANE

File or dir is being renamed.

USB_MIP_STORAGE_CB_MODI FY

File or dir attributes are being
modified.

emUSB-Device User Guide & Reference Manual

© 2010-2026 SEGGER Microcontroller GmbH



343

9.45 Prototypes

CHAPTER 9

Target API

9451 USB_MTP_OBJECT_ALLOC_FAIL

Description

Callback which can be set via USBD MIP_Set (bj ect Al | ocFai | Cb() . This callback is called
when the object list runs out of memory for new objects. It can be used to notify the user

of the issue (e.g. set an error LED).

Type definition

typedef void (USB_MIP_OBJECT_ALLCC FAIL)(

Parameters

const
const

u32 NunByt esRequest ed,
u32 NumByt esAvai |,
char * pFil ePath,

char * pFil eNane);

Parameter

Description

NunmByt esRequest ed

Bytes need for a new object.

NunByt esAvai |

Bytes free in the object list.

pFi | ePat h

Pointer to a string containing the file
path.

pFi | eNane

Pointer to a string containing the file
name.

Additional information

This callback is informative only, the application must not try to free the object list. This
callback is called for every object where allocation failed. The callback may not block. When
this callback is set the behavior of the MTP module is changed slightly - new objects are
normally allocated for each file/dir in a directory which is opened by the user in the PC's
explorer. When this callback is not set once a single allocation fails the module will return an
error to the PC even if some objects inside a folder could be allocated. When this callback is
set the module will return as many objects as it could fit into the object list before allocating
started failing (e.g. if a folder contains 50 files and allocation starts failing after 40 files the
MTP module will return the first 40 objects to the PC).
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9.45.2 USB_MTP_OPERATION_CB

Description

Callback which can be set via USBD MIP_Set Qper ati onCh() . This callback is called when
operations are executed by the host operating system via MTP. This can be used to e.g.

monitor new objects being created.

Type definition

typedef void (USB_MIP_OPERATI ON_CB) (

USB_MIP_OPERATI ON_CB_TYPE Qper ati onType,

const USB_MIP_OPERATI ON_I NFO * pOplnfo);
Parameters
Parameter Description
One of the
Oper ati onType USB_MI'P_OPERATI ON_CB_TYPE enum
values.

pFil el nfo

Pointer to a USB_MI'P_OPERATI ON_| NFO
structure containing information about
the affected file.
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9.453 USB_MTP_ WP _CB

Description

Callback which can be set via USBD_MIP_Set Wit eProt ecti onCh() . This optional callback
will be called on all write operations (write, rename, create, delete, modify) and allows the
application to prevent the operation for selected files. E.g. prevent a certain file from being
deleted or modified by the host.

Type definition

typedef int (USB_MIP_WP_CB) ( USB_MIP_STORAGE_CB_TYPE Operati onType,
us Unit,
const char * pPat h);
Parameters
Parameter Description
Oper ati onType One of the USB_MIP_STORAGE_CB_TYPE enum values.
Uni t Logical unit number. Specifies for which storage medium the
function is called.
pPat h Pointer to a string containing the full file/directory path.

Return value

=0 Proceed with operation.
*0 Prevent operation, an error will be sent to the host.

Additional information

The callback may not block. It is advised to use MIP_STORAGE PROTECT_FORMAT for the
volume on which the file is located, otherwise it can be deleted if the user formats the
volume.
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9.5 MTP Storage Driver

This section describes the emUSB-Device MTP storage interface in detail.

95.1 General information

This release comes with USB_MTP_St or ageFS driver which uses emFile to access the storage
medium. If you are using emFile this chapter can be ignored. This chapter is for those who
wish to write a file system interface for a third-party file system.

The storage interface is handled through an API-table, which contains all relevant functions
necessary for read/write operations and initialization. Its implementation handles the
details of how data is actually read from or written to memory.

9.5.2 Interface function list

As described above, access to a storage media is realized through an API-function table
of type USB_MIP_STORAGE_API . The structure is declared in USB_MTP. h and it is described
in section on page 329

emUSB-Device User Guide & Reference Manual © 2010-2026 SEGGER Microcontroller GmbH



347

CHAPTER 9 MTP Storage Driver

9.5.3 USB_MTP_STORAGE_API in detail

9.5.3.1 USB_MTP_STORAGE_INIT

Description

Initializes the storage medium.

Type definition

typedef void (USB_MIP_STORAGE_INIT) ( us Unit,
const USB_MIP_| NST_DATA DRI VER * pDriverData);
Parameters
Parameter Description
Uni t Logical unit number. Specifies for which storage medium the
function is called.
Pointer to a USB_MTP_I| NST_DATA DRI VER structure
that contains all information that is necessary for the
pFi | ePat h driver initialization. For detailed information about
the USB_MIP_I NST_DATA DRI VER structure, refer to
USB_MTP_I NST_DATA DRI VER.

Additional information

This function is called when the storage driver is added to emUSB-Device-MTP. 1t is the first
function of the storage driver to be called.
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9.5.3.2 USB_MTP_STORAGE_GET INFO

Description

Returns information about storage medium such as capacity and available free space.

Type definition

typedef void (USB_MIP_STORAGE_GET_I NFO) (U8 Unit,
USB_MIP_STORAGE_| NFO * pStoragel nfo);
Parameters
Parameter Description
Uni t Logical unit number. Specifies for which storage medium the

function is called.

Pointer to a USB_MIP_STORAGE | NFO structure. For detailed
pSt or agel nfo information about the USB_MIP_STORAGE_| NFO structure,
refer to USB_MIP_STORAGE | NFO.

Additional information

Typically, this function is called immediately after the device is connected to USB host when
the USB host requests information about the available storage mediums.
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9.5.3.3 USB_MTP_STORAGE_FIND_FIRST FILE

Description

Returns information about the first file in a specified directory.

Type definition

typedef int (USB_MIP_STORAGE_FI ND_FI RST_FI LE) ( us Unit,
const char * pDirPat h,
USB_MIP_FI LE_I NFO * pFil el nfo);

Parameters
Parameter Description
Uni t Logic_al u_nit number. Specifies for which storage medium the
function is called.
pDi r Pat h Full path to the directory to be searched.
pFilelnfo Information about the file/directory found.

Return value

0 File/directory found
1 No more files/directories found
0 An error occurred

AL

Additional information

The “.” and “..” directory entries which are relevant only for the file system should be
skipped.
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9.5.3.4 USB_MTP_STORAGE_FIND _NEXT FILE

Description

Moves to next file and returns information about it.

Type definition

typedef int (USB_MIP_STORAGE_FI ND NEXT_FI LE) (U8 Unit,
USB_MIP_FI LE_I NFO * pFil el nfo);
Parameters
Parameter Description
Uni t Logical unit number. Specifies for which storage medium the
function is called.
pFilelnfo Information about the file/directory found.

Return value

=0 File/directory found
=1 No more files/directories found
<0 An error occurred

Additional information

The “.” and "..” directory entries which are relevant only for the file system should be
skipped.
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9.5.3.5 USB_MTP_STORAGE_OPEN_FILE

Description

Opens a file for reading.

Type definition

typedef int (USB_MIP_STORAGE_OPEN FI LE) ( us Unit,
const char * pFilePath);
Parameters
Parameter Description
Uni t Logical unit number. Specifies for which storage medium the
function is called.
pFi | ePat h Full path to file.

Return value

=0 File opened
0 An error occurred

Additional information

This function is called at the beginning of a file read operation. It is followed by one or more
calls to USB_MIP_STORAGE READ FROM FI LE. At the end of data transfer the MTP module
closes the file by calling USB_MIP_STORAGE_CLCSE_FI LE. If the file does not exists an error
should be returned. The MTP module opens only one file at a time.
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9.5.3.6 USB_MTP_STORAGE_CREATE_FILE

Description

Opens a file for writing.

Type definition

typedef int (USB_MIP_STORAGE_CREATE_FI LE) ( us Unit,
const char * pDirPat h,
USB_MIP_FI LE_I NFO * pFil el nfo);

Parameters
Parameter Description

Uni t Logical unit number. Specifies for which storage medium the
function is called.

pDi r Pat h Full path to directory where the file should be created.

Information about the file to be created. pFi | eNane
Filelnfo points to the name of the file. pFi | ePat h points to full

P path of created file, pFi | eNane points to the beginning of file

name in pFi | ePat h.

Return value

=0 File created and opened
*0 An error occurred

Additional information

This function is called at the beginning of a file write operation. The name of the file is
specified in the pFi | eNane filed of pFi | el nf 0. If the file exists it should be truncated to zero
length. When a file is created, the call to USB_MIP_STORAGE CREATE FI LE is followed by
one or more calls to USB_MIP_STORAGE_WRI TE_TO FI LE. If CreationTime and LastWriteTime
in pFi | el nf o are not zero, these should be used instead of the time stamps generated by
the file system.
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9.5.3.7 USB_MTP_STORAGE_READ FROM_FILE

Description

Reads data from the current file.

Type definition

typedef int (USB_MIP_STORAGE_READ FROM FI LE) (U8 Unit,
u64 of,
void * pDat a,

u32 NunmByt es) ;

Parameters
Parameter Description
Uni t Logic_al u_nit number. Specifies for which storage medium the
function is called.
O f Byte offset where to read from.
pDat a Data read from file.
NunByt es Number of bytes to read from file.

Return value

=0 Data read from file
0 An error occurred

Additional information
The function reads data from the file opened by USB_MIP_STORAGE_OPEN FI LE.
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9.5.3.8 USB_MTP_STORAGE_WRITE_TO_FILE

Description

Writes data to current file.

Type definition

typedef int (USB_MIP_STORAGE_WRI TE_TO FI LE) ( us Unit,
u64 Of,
const void * pData,
u32 NurmByt es) ;

Parameters
Parameter Description
Uni t Logic_al u_nit number. Specifies for which storage medium the
function is called.
O f Byte offset where to read from.
pDat a Data to write to file.
NunByt es Number of bytes to write to file.

Return value

=0 Data written to file
0 An error occurred

Additional information
The function writes data to file opened by USB_MIP_STORAGE_CREATE_FI LE.
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9.5.3.9 USB_MTP_STORAGE_CLOSE_FILE

Description

Closes the current file.

Type definition

typedef int (USB_MIP_STORAGE CLOSE FILE)(US Unit);

Parameters

Parameter Description

Logical unit number. Specifies for which storage medium the

Uni t function is called.

Return value

=0 File closed.
0 An error occurred

Additional information

The function closes the file opened by USB MIP_STORAGE CREATE FILE or
USB_MTP_STORAGE_OPEN FI LE.
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9.5.3.10 USB_MTP_STORAGE_REMOVE_FILE

Description

Removes a file/directory from the storage medium.

Type definition

typedef int (USB_MIP_STORAGE_REMOVE FI LE) ( us Unit,
const char * pFilePath);
Parameters
Parameter Description
Uni t Logical unit number. Specifies for which storage medium the
function is called.
pFi | ePat h Full path to file/directory to be removed

Return value

=0 File removed.
0 An error occurred
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9.5.3.11 USB_MTP_STORAGE_CREATE_DIR

Description

Creates a directory on the storage medium.

Type definition

typedef int (USB_MIP_STORAGE_CREATE DI R)( us Unit,
const char * pDirPath,
USB_MTP_FI LE_I NFO * pFil el nfo);

Parameters
Parameter Description
Uni t Logical unit number. Specifies for which storage medium the
function is called.
Di r Pat h Full path to directory where the directory should be
P Created.
Information about the directory to be created. pFi | eNane
Filelnfo points to the directory name. pFi | ePat h points to full
P path of directory, pFi | eNanme points to the beginning of
directory name in pFi | ePat h

Return value

=0 Directory created.
0 An error occurred

Additional information

If CreationTime and LastWriteTime in pFi | el nf o are not available, zero should be used
instead of the time stamps generated by the file system.
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9.5.3.12 USB_MTP_STORAGE_REMOVE_DIR

Description

Removes a directory and its contents from the storage medium.

Type definition

typedef int (USB_MIP_STORAGE_REMOVE DI R) ( us Unit,
const char * pDirPath);
Parameters
Parameter Description
Uni t Logical unit number. Specifies for which storage medium the
function is called.
pDi r Pat h Full path to directory to be removed.

Return value

=0 Directory removed.
0 An error occurred

Additional information

The function should remove the directory and the entire file tree under it.
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9.5.3.13 USB_MTP_STORAGE_FORMAT

Description

Initializes the storage medium.

Type definition

typedef int (USB_MIP_STORAGE FORVAT) (U8 Unit);

Parameters

Parameter Description

Logical unit number. Specifies for which storage medium the

Uni t function is called.

Return value

=0 Storage medium initialized.
0 An error occurred

Additional information

The file system layer has to differentiate between two cases, one where the MTP root
directory is the same as the root directory of the file system and one where it is
only a subdirectory of the file system. If pRoot Dir which was configured in the call to
USB_MIP_STCORAGE | NI T, points to a subdirectory of the file system, the storage medium
should not be formatted. Instead, all the files and directories underneath pRoot Di r should
be removed.
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9.5.3.14 USB_MTP_STORAGE_RENAME_FILE

Description

Changes the name of a file or directory.

Type definition

typedef int (USB_MIP_STORAGE_RENAVE FI LE) (U8 Uni t,

Parameters

USB_MIP_FI LE_I NFO * pFil el nfo);

Parameter

Description

Uni t

Logical unit number. Specifies for which storage medium the
function is called.

pFil el nfo

Pointer to a USB_MTP_FI LE_I NFO structure. Information
about the file/directory to be renamed. pFi | ePat h member
points to the full path and pFi | eNane points to the new
name. pFi | ePat h member points to full path of file/
directory with the new name, pFi | eNane points to the
beginning of file/directory name in pFi | ePat h. The other
structure fields should also be filled.

Return value

=0
+0

File/directory renamed.

An error occurred

Additional information

Only the name of the file/directory should be changed. The path to parent directory should
remain the same.
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9.5.3.15 USB_MTP_STORAGE_DEINIT

Description

De-initializes the storage medium.

Type definition

typedef void (USB_MIP_STORAGE DEINIT) (U8 Unit);

Parameters

MTP Storage Driver

Parameter

Description

Uni t

function is called.

Logical unit number. Specifies for which storage medium the

Additional information

Typically called when the application calls USBD St op() to de-initialize emUSB-Device.
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9.5.3.16 USB_MTP_STORAGE_GET FILE_ATTRIBUTES

Description

Returns the attributes of a file or directory.

Type definition

typedef int (USB_MIP_STORAGE_GET_FI LE_ATTRI BUTES) ( us Unit,
const char * pFil ePath,
us * pMask);
Parameters
Parameter Description
Uni t Logical unit number. Specifies for which storage medium the
function is called.
pFi | ePat h Full path to file or directory (0-terminated string).
pMask The bitmask of the attributes.

Return value

=0 Information returned.
=0 An error occurred

Additional information

This function is called only when the compile time switch MTP_SAVE FI LE_| NFOis set to 0.
For the list of supported attributes refer to USB_MIP_FI LE_I NFO.
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9.5.3.17 USB_MTP_STORAGE_MODIFY_FILE_ATTRIBUTES

Description

Sets and clears file attributes.

Type definition

typedef int (USB_MIP_STORAGE_MODI FY_FI LE_ATTRI BUTES) ( us Unit,
const char * pFil ePath,
us Set Mask,
us C r Mask) ;
Parameters
Parameter Description
Uni t Logical unit number. Specifies for which storage medium the
function is called.
pFi | ePat h Full path to file or directory (0-terminated string).
Set Mask The bitmask of the attributes which should be set.
Cl r Mask The bitmask of the attributes which should be cleared.

Return value

=0 Attributes modified.
0 An error occurred

Additional information
For the list of supported attributes refer to USB_MIP_FI LE_I NFQO.
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9.5.3.18 USB_MTP_STORAGE_GET FILE_CREATION_TIME

Description

Returns the creation time of file or directory.

Type definition

typedef int (USB_MIP_STORAGE GET_FI LE CREATI ON_TI ME) ( us Unit,
const char * pFil ePath,
Us2 * pTinme);

Parameters
Parameter Description
Uni t Logic_al u_nit number. Specifies for which storage medium the
function is called.
pFi | ePat h Full path to file or directory (0-terminated string).
pTi me The creation time.

Return value

=0 Creation time returned.
=0 An error occurred

Additional information

This function is called only when the compile time switch MTP_SAVE FI LE_| NFOis set to 0.
For the list of supported attributes refer to USB_MIP_FI LE_I NFO.
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9.5.3.19 USB_MTP_STORAGE_GET_FILELAST_WRITE_TIME

Description

Returns the time when the file or directory was last modified.

Type definition

typedef int (USB_MIP_STORAGE_GET_FI LELAST_WRI TE_TI ME) ( us Unit,
const char * pFil ePath,
Us2 * pTine);

Parameters
Parameter Description
Uni t Logic_al u_nit number. Specifies for which storage medium the
function is called.
pFi | ePat h Full path to file or directory (0-terminated string).
pTi me The modification time.

Return value

=0 Modification time returned.
=0 An error occurred

Additional information

This function is called only when the compile time switch MTP_SAVE FI LE_| NFOis set to 0.
For the list of supported attributes refer to USB_MIP_FI LE_I NFO.
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9.5.3.20 USB_MTP_STORAGE_GET FILE_ID

Description
Returns an ID which uniquely identifies the file or directory.

Type definition

typedef int (USB_MIP_STORAGE_GET_FILE I D)( us Unit,
const char * pFil ePath,
u  * pld);
Parameters
Parameter Description
Uni t Logical unit number. Specifies for which storage medium the
function is called.
pFi | ePat h Full path to file or directory (0-terminated string).
Ld The unique ID of file or directory. Should point to a byte
P array MTP_NUM BYTES FI LE I D large.

Return value

=0 ID returned.
=0 An error occurred
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9.5.3.21 USB_MTP_STORAGE_GET FILE_SIZE

Description

Returns the size of a file in bytes.

Type definition

typedef int (USB_MIP_STORAGE_GET_FI LE_SI ZE) ( us Unit,
const char * pFil ePath,
u64 * pFileSize);

Parameters
Parameter Description
Uni t Logic_al u_nit number. Specifies for which storage medium the
function is called.
pFi | ePat h Full path to file or directory (0-terminated string).
pFi |l eSi ze The size of file in bytes.

Return value

=0 Size of file returned.
=0 An error occurred

Additional information
This function is called only when the compile time switch MTP_SAVE FI LE_| NFOis set to 0.
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9.5.3.22 USB_MTP_STORAGE_GET FILE_INFO

Description

This function is optional. It is used to speed up retrieval of file information. Returns the
creation time, modification time and attributes in one call.

Type definition

typedef int (USB_MIP_STORAGE GET_FI LE I NFO) ( us Uni t,
const char * pFil ePath,
U32 * pCreationTine,
U32 * pLastWiteTine,
u64 * pFileSize,
us * pAttributes);
Parameters
Parameter Description
Uni t Logical unit number. Specifies for which storage medium the
function is called.
pFi | ePat h Path to file or directory.
pCreationTi me The creation time.
pLastWiteTi me The modification time.
pAttri butes The size of file in bytes.

Return value

=0 Operation retrieved information successfully.
+#0 An error occurred

Additional information
This function is called only when the compile time switch MTP_SAVE FI LE | NFOis set to 0.
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Communication Device Class
(CDC)

This chapter describes how to get emUSB-Device up and running as a CDC device.
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10.1 Overview

The Communication Device Class - Abstract Control Model (CDC-ACM) is an abstract USB
class protocol defined by the USB Implementers Forum. For simplicity CDC-ACM is often
referred to as simply CDC. This protocol covers the handling of the following communication
flows:

VirtualCOM/Serial interface
Universal modem device
ISDN communication
Ethernet communication

A custom USB driver is not necessary because a kernel mode driver for USB-CDC serial
communication is delivered by all major Operating Systems.

Windows

Starting in Windows 10, such a file is not necessary anymore. A generic inf is provided,
handling devices/interfaces with a Device-/InterfaceClass = 0x02 or Device-/InterfaceClass
= 0x02 and Device-/InterfaceSubClass = 0x02. You may need to an .inf file for older
Windows versions. These are delivered with emUSB-Device. How to use and modifiy these
files can be found on the SEGGER wiki pages.

Linux

Linux handles USB 2 virtual COM ports since Kernel Ver. 2.4. Further information can be
found in the Linux Kernel documentation.

macQOS

macOS (formely also known as OS X) supports CDC-ACM devices since the first release
10.1. The kext that is loaded is called com.apple.driver.usb.cdc.acm .

10.1.1 Configuration

The configuration section should later be modified to match the real application. For the
purpose of getting emUSB-Device up and running as well as doing an initial test, the
configuration as delivered should not be modified.

10.1.2 CDC-ACM issues on Windows 10

Windows 10 comes with a re-designed driver for CDC-ACM. At the time of writing (June
2019 (re-confirmed in January 2021)) Windows 10 has an issue with large IN CDC transfers.
Sometimes packets seems to disappear inside the Windows 10 USB stack. The only
workaround is to read in small chunks. Or to add a delay to the transfers. We have
analysed this using a hardware USB analyser and a test program which reads data from
the device. The device (USB high-speed) sends out data continuously in 512 bytes packets.
Each packet has a unique, consecutive ID. The test application checks that the received
packet always has the ID of the previous packet + 1. After a couple dozen packet the
error usually appears and a packet ends up missing. When comparing the packets which
are seen “on the wire” using the USB analyser with the packets which the Windows 10
program received it can be seen that sometimes packets are missing even though they
were clearly successfully received by Windows 10. E.g. on the analyser one can see packets
30, 31, 32, 33 and on Windows 10 one can see 30, 31, 33. It would appear that the
method through which data is read from the COM port (Windows API ReadFile, ReadFile
overlapped or ReadFileEx) has no effect on the missing packets. With the latest update
on Windows 10 and 11, the latest driver has be confirmed to be reliable for the following
momentum: For full speed device Windows would allocate the following: every 16 ms a
read frame of 4096 bytes or a 3 consecutive read transfers are triggered where all must
less than 4096 bytes in sum resulting in a transfer rate of 256 kByte/s. For high-speed
devices the interval are 16 uFrames which result in a time frame of 2 ms, this gives a speed
of max. 2048 kiByte/s. As there are no way in changing this this is the common behavior of
Microsoft’s usbser.sys default behavior. Refer to {MS Lear Q&A Changing the transfer size
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and latency for usbser driver} or {Serial Port Latency Option Missing - Windows 11%}. It is
also necessarily important to read the data from the target on Windows as fast as possible
otherwise the above mentioned will happen. When using the same program on Windows 7
no issues can be seen. Another issue which is addressed to all version of usbser.sys driver:
RTS setting is only altered to the device when DTR is changed.
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10.2 The example application

The start application (in the Appl i cati on subfolder) is a simple echo server, which can
be used to test emUSB-Device. The application receives data byte by byte and sends it
back to the host.

Source code excerpt from USB_CDC _Echo. c:

/*********************************************************************

*

* Mai nTask

*/

voi d Mai nTask(voi d);

voi d Mai nTask(void) {
USB_CDC_HANDLE hl nst ;
USBD I nit();
hl nst = _AddCDC() ;
USBD_Set Devi cel nf o( & Devi cel nf o) ;
USBD Start();

while (1) {
static char _ac[USB_HS BULK MAX PACKET_SI ZE] ;
i nt NunmByt esRecei ved;

I
/1 Wait for configuration
I
while ((USBD CGetState() & (USB_STAT_CONFI GURED | USB_STAT_SUSPENDED)) !
= USB_STAT_CONFI GURED) {
BSP_Toggl eLED( 0) ;
USB_OS_Del ay(50);

}
BSP_Set LED( 0) ;
Il
/1l Receive at maxi mum of 64 Bytes
/1 1f less data has been received,
/1 this should be K
Il
NunmByt esRecei ved = USBD CDC Recei ve(hlnst, & ac[O0], sizeof(_ac), 0);
i f (NunBytesReceived > 0) {
USBD CDC Wite(hlnst, & ac[0], NumBytesReceived, 0);
}
}
}

10.2.1 Testing communication to the USB device

Accessing CDC on Windows

The start application is a simple echo server. This means each character that is entered and
sent through the virtual serial port will be sent back by the USB device. A simple Windows
sample application is available to test the start application. The application is located in
W ndows\ USB\ CDC\ Sanpl eAppl i cati on\ Exe.

Alternatively any terminal program, such as PuTTY or TerraTerm or RealTerm, can be used
to check the connectivity.
This section shows how to start and make the first run of the sample application.

e Go to the W ndows\ USB\ CDC\ Sanpl eAppl i cati on\ Exe folder double click on the Echo
application. A console window will be open and will show that one device has been found
with the desired CDC Product and Vendor ID. Enter 0 to connect to that device.
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ChworkAemUSBDAWindows\USB\CDC\SampleApplication\Exe\Echo.exe - B

Found 1 device
Found the following device 8:
USB~UID_8765&PID_1111&REV_B188 <~ _~COM4>
o vhich device do you want to connect?
Fleaze type in device number {e.g. 'B° for the first device. g-a for abortd:

e The application will ask for the amount of bytes the application shall send to and receive
from the target device.

ChworkAemUSBDA\Windows\USB\CDC\SampleApplication\Exe\Echo.exe - B

Found 1 device
Found the following device 8:
USB~UID_8765&PID_1111&REV_B188 <~ _~COM4>
o vhich device do you want to connect?
Fleaze type in device number {e.g. 'B° for the first device. g-a for abort>:@
Etarting Echo...
Enter the transmiszsion test size in bytes (max. 48%6>:

e Now enter the number of repetitions the application shall send and receive to or from
device and confirm with [Enter]..

Chwork\emUSBD\Windows\USB\CDC\SampleApplication\Exe\Echo.exe = B

Found 1 device
Found the following device B:
USB~UID_8765&PID_1111&REU_BA188 (\~.~COM4>
o which device do you want to connect?
Please type in device numher {e.g. ‘B* for the first device. gsa for abort>:@
Btarting Echo...
Enter the transmission test size in bytes (max. 4096>: 4876
Enter the number of transmissions to run (max. 32768>: 1868

e The test will run and should look like the following screenshot:
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Found 1 device
Found the following device

CHAPTER 10

o vhich device do you want to connect?

leasze type in device number <e.g.

Etarting Echo...
Enter the transmiszsion test size in bytes (max. 48%96>:

Enter the number of

transmission
transmission
transmission
transmission
transmission
transmission
transmission
transmission
transmission
transmission
transmission
transmission
transmission
transmission
transmission
transmission
transmission
transmission
transmission
transmission
transmission
transmission
transmission
transmission
transmission
transmission
transmission
transmission
transmission
transmission
transmission
transmission
transmission
transmission
transmission
transmission
transmission
transmission
transmission
transmission
transmission

out
out
out
out
out
out
out
out
out

B out

out
out
out
out
out
out
out
out
out
out
out
out
out
out
out
out
out
out
out
out
out
out
out
out
out
out
out
out
out
out
out

Accessing CDC on Linux

transmissions to

g’

run <ma

USBSUID_8765&PID_1111&REU_BG188 (N .NCOM4>

x. 32768>:

168: 46096
168: 46096
168: 46096

4876
4876
4876
4876
4876
4876
4876
4876
4876
4876
4876
4876
4876
4876
4876
4876
4876
4876
4876
4876
4876
4876
4876
4876
4876
4876
4876
4876
4876
4876
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4876
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4876
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4876
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bhytes
bytes
bytes
bytes
bytes
bytes
bytes
bytes
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bytes
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bytes
bytes
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bytes
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bytes
bytes
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bytes
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bytes
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bytes
bytes
bytes
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transmitted
transmitted
transmitted
transmitted
transmitted
transmitted
transmitted
transmitted
transmitted
transmitted
transmitted
transmitted
transmitted
transmitted
transmitted
transmitted
transmitted
transmitted
transmitted
transmitted
transmitted
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transmitted
transmitted
transmitted
transmitted
transmitted
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transmitted
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transmitted
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transmitted
transmitted

Chwork\emUSBD\Windows\USB\CDC\SampleApplication\Exe\Echo.exe

4896
188
successfully
successfully
successfully
successfully
successfully
successfully
successfully
successfully
successfully
successfully
successfully
successfully
successfully
successfully
successfully
successfully
successfully
successfully
successfully
successfully
successfully
successfully
successfully
successfully
successfully
successfully
successfully
successfully
successfully
successfully
successfully
successfully
successfully
successfully
successfully
successfully
successfully
successfully
successfully
successfully
successfull

The example application

- N

for the first device. gra for abort>:@

On Linux no drivers are needed, the device should show up as /dev/ttyACMO or similar.
“sudo screen /dev/ttyACMO 115200"” can be used to access the device.

Accessing CDC on macOS

On

macOS

no drivers

are

needed,

the device

should

show

up

as /dev/

tty.usbmodem13245678 or similar. The “screen” terminal program can be used to access
the device.
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10.3 Target API

Target API

This chapter describes the functions and data structures that can be used with the target

application.

10.3.1

Interface function list

Name

‘ Description

API functions

USBD_CDC_Add( )

Adds a CDC-ACM class to the stack.

USBD CDC Cancel Read()

Cancel a pending read operation.

USBD CDC Cancel Wite()

Cancel a pending write operation.

USBD CDC Read()

Reads data from the host.

USBD CDC ReadOver | apped()

Reads data from the host asynchronously.

USBD_CDC Recei ve()

Reads data from the host.

USBD CDC Recei vePol | ()

Reads data from the host.

USBD CDC ReadAsync()

Reads data from the host asynchronously.

USBD_CDC_Set OnBr eak()

Sets a callback in order to inform the
application about a break condition sent by
the host.

USBD CDC Set OnLi neCodi ng()

Sets a user callback that shall be called
when a SET_LI NE_CODI NG request is sent
to the device.

USBD CDC Set OnControl Li neSt at e()

Sets a user callback that shall be called
when a SET_LI NE_STATE request is sent to
the device.

USBD _CDC Set OnRXEvent ()

Sets a callback function for the OUT
endpoint that will be called on every RX
event for that endpoint.

USBD_CDC_Set OnTXEvent ()

Sets a callback function for the IN
endpoint that will be called on every TX
event for that endpoint.

USBD CDC Updat eSeri al St at e()

Sets the new serial state.

USBD_CDC Wi te()

Writes data to the host.

USBD CDC WiteAsync()

Sends data to the host asynchronously.

USBD_CDC_Wi t For RX()

This function is to be used in combination
with USBD_CDC _ReadOver | apped() and
waits for the reading data transfer from
the host to complete.

USBD_CDC_Pol | For RX()

This function is to be used in combination
with USBD_CDC_ReadOver | apped() and
waits for the reading data transfer from
the host to complete.

USBD_CDC Wi t For TX()

This function is to be used in
combination with a non-blocking call to
USBD_CDC Wite().

USBD_CDC Pol | For TX()

This function is to be used in
combination with a non-blocking call to
USBD CDC Wite().

USBD CDC Wi t For TXReady()

Waits (blocking) until the TX queue can
accept another data packet.
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Name

Description

USBD CDC WiteSerial State()

Sends the current control line serial state
to the host.

USBD CDC Get NunByt esRenmToRead()

This function is to be used in combination
with USBD _CDC ReadOver | apped().

USBD CDC Get NunByt esRemToW it e()

This function is to be used in
combination with a non-blocking call to
USBD CDC Wite().

USBD_CDC_Get NunByt esl nBuf fer ()

Returns the number of bytes that are
available in the internal BULK-OUT
endpoint buffer.

Data structures

USB_CDC_| NI T_DATA

Initialization structure that is needed when
adding a CDC interface to emUSB-Device.

USB_CDC_LI NE_CODI NG

Structure that contains the new line-
coding information sent by the host.

USB_CDC SERI AL_STATE

Structure that contains the serial state
that can be sent to the host.

USB_CDC_CONTROL_LI NE_STATE

Structure that contains the new control
line state sent by the host.
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10.3.1.1 USBD_CDC_Add()

Description
Adds a CDC-ACM class to the stack.

Prototype
USB_CDC HANDLE USBD_CDC_Add(const USB_CDC | NI T_DATA * plnitData);
Parameters
Parameter Description
pl ni t Dat a Pointer to a USB_CDC | NI T_DATA structure.

Return value

Handle to a valid CDC instance. The handle of the first CDC instance is always 0.

Additional information

After the initialization of emUSB-Device, this is the first function that needs to be called
when the USB-CDC interface is used with emUSB-Device. The returned value can be used
with the CDC functions in order to talk to the right CDC instance.

For creating more than one CDC instance please make sure the USBD_Enabl el AD() is called
before, otherwise none but the first CDC instance will work correctly. The same is true for
composite devices including CDC and another, different USB class.
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10.3.1.2 USBD_CDC_CancelRead()

Description

Cancel a pending read operation.

Prototype
voi d USBD_CDC_Cancel Read( USB_CDC_HANDLE hl nst) ;
Parameters
Parameter Description
hl nst Handle to a valid CDC instance, returned by
USBD_CDC_Add() .

Additional information

This function can be called when a pending asynchronous read operation (triggered by
USBD_CDC ReadOver | apped() ) should be canceled. The function can be called from any
task.

The function can also be used to cancel a call to one of the blocking read functions (when
called from a different task or interrupt function).
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10.3.1.3 USBD_CDC_CancelWrite()

Description

Cancel a pending write operation.

Prototype
voi d USBD_CDC_Cancel Wi te(USB_CDC_HANDLE hl nst);
Parameters
Parameter Description
hl nst Handle to a valid CDC instance, returned by
USBD_CDC_Add() .

Additional information

This function shall be called when a pending asynchronous write operation (triggered by
non-blocking call to USBD _CDC Wit e() ) should be canceled. It can be called from any task.

The function can also be used to cancel a call to a blocking write functions (when called
from a different task or interrupt function).
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10.3.1.4 USBD_CDC_Read()

Description

Reads data from the host.

Prototype
int USBD_CDC Read(USB_CDC HANDLE  hi nst,
voi d * pDat a,
unsi gned NurmByt es,
unsi gned Ti meout ) ;
Parameters
Parameter Description
hl nst Handle to a valid CDC instance, returned by
USBD_CDC_Add() .
pDat a Pointer to a buffer where the received data will be stored.
NunByt es Number of bytes to read.
. Ti meout given in milliseconds. A zero value results in an
Ti meout R .
infinite timeout.

Return value

= NunByt es Requested data was successfully read within the given timeout.
= 0 && < NunByt es Ti neout has occurred (Number of bytes read before timeout).
<0 An error occurred.

Additional information

This function blocks the task until all data has been read or a timeout occurs. In case of a
reset or a disconnect USB_STATUS_ERRCR is returned.

If the USB stack receives a data packet from the host containing more bytes than requested,
the remaining bytes are stored into the internal buffer of the endpoint, that was provided
via USBD_AddEP(). This data can be retrieved by a later call to USBD CDC Recei ve() /
USBD_CDC Read() . See also USBD_CDC_Get NunByt esl nBuf f er () .

In case of a timeout, the read transfer is aborted (see Ti neout handling on page 131).
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10.3.1.5 USBD_CDC_ReadOverlapped()

Description

Reads data from the host asynchronously.

Prototype
i nt USBD_CDC_ReadOverl apped(USB_CDC HANDLE  hlnst,
voi d * pDat a,
unsi gned NunmByt es) ;
Parameters
Parameter Description
hl nst Handle to a valid CDC instance, returned by
USBD_CDC_Add() .
pDat a Pointer to a buffer where the received data will be stored.
NunByt es Number of bytes to read.

Return value

0 Number of bytes that have been read from the internal buffer (success).
0 No data was found in the internal buffer (success).
0 An error occurred.

Al IV

Additional information

This function will not block the calling task. The read transfer will be initiated and the
function returns immediately. In order to synchronize, USBD CDC Wi t For RX() needs to
be called.

Another synchronization method would be to periodically call
USBD_CDC Get NunByt esReniToRead() in order to see how many bytes still need to be
received (this method is preferred when a non-blocking solution is necessary).

The read operation can be canceled using USBD_CDC_Cancel Read() .

The buffer pointed to by pDat a must be valid until the read operation is terminated.

Example
See USBD_CDC_GCet NunByt esRenTToRead on page 401.
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10.3.1.6 USBD_CDC _Receive()

Description

Reads data from the host. The function blocks until any data have been received. In contrast
to USBD CDC Read() this function does not wait for all of NunByt es to be received, but
returns after the first packet has been received or after the timeout occurs. In case of a
timeout, the read transfer is aborted (see Ti neout handling on page 131).

Prototype
int USBD CDC_Recei ve(USB_CDC_HANDLE  hl nst,
voi d * pDat a,
unsi gned NunByt es,
i nt Ti meout) ;
Parameters
Parameter Description
hl nst Handle to a valid CDC instance, returned by
USBD_CDC_Add() .
pDat a Pointer to a buffer where the received data will be stored.
NunByt es Number of bytes to read.
Ti meout given in milliseconds. A zero value results in an
Ti meout infinite timeout. If Ti meout is -1, the function never blocks
and only reads data from the internal endpoint buffer.

Return value

>0 Number of bytes that have been read within the given timeout.

=0 A timeout occurred (if Ti neout > 0), zero packet received (nhot every
controller supports this!), no data in buffer (if Ti neout < 0) or the target was
disconnected during the function call and no data was read so far.

<0 An error occurred.

Additional information

If no error occurs, this function returns the number of bytes received. Calling
USBD_CDC Recei ve() will return as much data as is currently available up to the size of the
buffer specified within the specified timeout. This function also returns when the target is
disconnected from the host or when a USB reset occurred during the function call, it will
then return the number of bytes read so far. If the target was disconnected before this
function was called, it returns USB_STATUS_ERRCR.

If the USB stack receives a data packet from the host containing more bytes than requested,
the remaining bytes are stored into the internal buffer of the endpoint, that was provided
via USBD_AddEP(). This data can be retrieved by a later call to USBD _CDC Recei ve() /
USBD_CDC Read() . See also USBD_CDC_Get NunByt esl nBuf f er () .

A call of USBD_CDC Recei ve(lnst, NULL, 0, -1) can be used to trigger an asynchronous
read that stores the data into the internal buffer.

emUSB-Device User Guide & Reference Manual © 2010-2026 SEGGER Microcontroller GmbH



383 CHAPTER 10 Target API

10.3.1.7 USBD_CDC_ReceivePoll()

Description

Reads data from the host. The function blocks until any data have been received. In contrast
to USBD CDC Read() this function does not wait for all of NunByt es to be received, but
returns after the first packet has been received or after the timeout occurs. In contrast to
USBD _CDC Recei ve() this function will continue the read transfer asynchronously in case
of a timeout.

Prototype
i nt USBD_CDC_Recei vePol | (USB_CDC HANDLE  hl nst,
voi d * pDat a,
unsi gned NunByt es,
unsi gned Ti meout) ;
Parameters
Parameter Description
hl nst Handle to a valid CDC instance, returned by
USBD_CDC_Add() .
pDat a Pointer to a buffer where the received data will be stored.
NunByt es Number of bytes to read.
. Ti meout given in milliseconds. A zero value results in an
Ti meout R .
infinite timeout.

Return value

0 Number of bytes that have been read within the given timeout.

0 A timeout occurred (if Ti neout > 0), zero packet received (nhot every
controller supports this!), no data in buffer (if Ti neout < 0) or the target was
disconnected during the function call and no data was read so far.

<0 An error occurred.

v

Additional information

If no error occurs, this function returns the number of bytes received. Calling
USBD_CDC Recei vePol | () will return as much data as is currently available up to the size
of the buffer specified within the specified timeout. This function also returns when the
target is disconnected from the host or when a USB reset occurred during the function call,
it will then return the number of bytes read so far. If the target was disconnected before
this function was called, it returns USB_STATUS ERROR.

If the USB stack receives a data packet from the host containing more bytes than requested,
the remaining bytes are stored into the internal buffer of the endpoint, that was provided
via USBD_AddEP() . This data can be retrieved by a later call to USBD_CDC_Recei vePol | ()
/ USBD_CDC_Read() . See also USBD_CDC_Get NunByt esl nBuf fer () .

If a timeout occurs, the read transfer is not affected. Data send from the host after the
timeout is stored into the internal buffer of the endpoint and can be read by later calls to
USBD_CDC _Recei vePol | () .

If Ti meout = 0, the function behaves like USBD_CDC_Recei ve() .
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10.3.1.8 USBD_CDC_ReadAsync()

Description

Reads data from the host asynchronously. The function does not wait for the data to be
received. A callback function is called after the transfer has completed successfully, an error
occurred or the transfer was canceled.

Prototype
voi d USBD_CDC_ReadAsync( USB_CDC_HANDLE hl nst,
USB_ASYNC | O CONTEXT * pCont ext,
i nt Short Read) ;
Parameters
Parameter Description
hl nst Handle to a valid CDC instance, returned by
USBD_CDC_Add() .
Cont ext Pointer to an I/O context containing parameters and pointer
P to the callback function.
e 0: The transfer is completed successfully after all bytes
Shor t Read have been read.
e 1: The transfer is completed successfully after one packet
has been read.
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10.3.1.9 USBD_CDC_SetOnBreak()

Description

Sets a callback in order to inform the application about a break condition sent by the host.

Prototype

voi d USBD_CDC_Set OnBr eak( USB_CDC_HANDLE hl nst,
USB_CDC_ON_SET_BREAK * pf OnBr eak) ;
Parameters
Parameter Description
hl nst Handle to a valid CDC instance, returned by
USBD_CDC_Add() .
pf OnBr eak Pointer to the callback function.

Additional information
The callback is called in an ISR context, therefore it should should execute quickly.

The callback function has the following prototype:

typedef void USB_CDC _ON_SET_BREAK(unsi gned BreakDuration);

Parameter Description

Length of the break signal in milliseconds. If
Br eakDur at i on is OxFFFF, this is counted as a

Br eakDur ati on permanent break condition. A SendBreak request
with Br eakDur at i on of 0x0000 will reset the break
state.
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10.3.1.10 USBD_CDC_SetOnLineCoding()

Description

Sets a user callback that shall be called when a SET_LI NE_CODI NG request is sent to the
device.

Prototype
voi d USBD_CDC_Set OnLi neCodi ng( USB_CDC_HANDLE hi nst,
USB_CDC_ON_SET_LI NE_CODI NG * pf);
Parameters
Parameter Description
hl nst Handle to a valid CDC instance, returned by
USBD_CDC_Add() .
pf Pointer to the callback function.

Additional information

This function is used to register a user callback which notifies the application that the host
has changed the line coding.

The callback is called in an ISR context, therefore it should should execute quickly.

The callback function has the following prototype:

typedef void USB_CDC ON_SET_LINE_CODI N USB_CDC LI NE_CODI NG * pLi neCodi ng) ;

Parameter Description
Pointer to USB_CDC LI NE_CODI NG structure
pLi neCodi ng containing the new line coding parameters sent
from the host.
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10.3.1.11 USBD_CDC_SetOnControlLineState()

Description

Sets a user callback that shall be called when a SET_LI NE_STATE request is sent to the
device.

Prototype
voi d USBD_CDC_Set OnCont r ol Li neSt at e( USB_CDC_HANDLE hl nst,

USB_CDC_ON_SET_CONTROL_LI NE_STATE * pf);
Parameters
Parameter Description
hl nst Handle to a valid CDC instance, returned by
USBD_CDC_Add() .
pf Pointer to the callback function.

Additional information

This function is used to register a user callback which notifies the application that the host
has changed the control line state.

The callback is called in an ISR context, therefore it should execute quickly and must never
block.

The callback function has the following prototype:

typedef voi d USB_CDC_ON_SET_CONTROL_LI NE_STATE(USB_CDC_CONTROL_LI NE_STATE * pLineState);

Parameter Description

Pointer to USB_CDC CONTROL_LI NE_STATE structure
pLi neState containing the new line state parameters sent from
the host.

emUSB-Device User Guide & Reference Manual © 2010-2026 SEGGER Microcontroller GmbH



388 CHAPTER 10 Target API

10.3.1.12 USBD_CDC_SetOnRXEvent()

Description

Sets a callback function for the OUT endpoint that will be called on every RX event for
that endpoint.

Prototype
voi d USBD_CDC_Set OnRXEvent ( USB_CDC_HANDLE hl nst,
USB_EVENT_CALLBACK * pEvent Cb,
USB_EVENT_CALLBACK_FUNC * pf Event Cb,
voi d * pContext);
Parameters
Parameter Description
hl nst Handle to a valid CDC instance, returned by
USBD_CDC_Add() .
Event Cb Pointer to a USB_EVENT_CALLBACK structure (will be
P initialized by this function).
f Event Cb Pointer to the callback routine that will be called on every
P event on the USB endpoint.
Cont ext A pointer which is used as parameter for the callback
P function.

Additional information

The USB_EVENT_CALLBACK structure is private to the USB stack. It will be initialized by
USBD_CDC_Set OnRXEvent () . The USB stack keeps track of all event callback functions using
a linked list. The USB_EVENT_CALLBACK structure will be included into this linked list and
must reside in static memory.

The callback function is called only, if a read operation was started using one of the
USBD_CDC Read...() or USBD_CDC Recei ve() functions.

The callback function has the following prototype:

typedef void USB_EVENT_CALLBACK FUNC(unsi gned Events, void *pContext);

Parameter Description
Event s A bit mask indicating which events occurred on the
endpoint.
Cont ext The pointer which was provided to the
P USBD Set OnEvent function.

Note that the callback function will be called within an ISR, therefore it should never block.

The first parameter to the callback function will contain a bit mask for all events that
triggered the call:

Event Description

USB_EVENT DATA READ Some data was received from the host on the

endpoint.
USB_EVENT_READ COVPLETE The last read operation was completed.
USB_EVENT_READ ABORT A read transfer was aborted.
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Example

/'l The cal | back function.
static void _OnEvent (unsi gned Events, void *pContext) {
unsi gned NumByt es;

if (Events & USB_EVENT_DATA READ) ({

NumByt es = USBD _CDC_Get NunByt esl nBuf f er (hl nst) ;

if (NunBytes) ({
I
/'l The call to receive will read all data from
/'l the internal buffer and will start a new transfer.
/1 The new transfer will again generate a new event when new data arrives.
I
/'l Note that a new transfer is only started when
/1 the internal buffer is conpletely enpty.
/1 (1t will be enpty if you read the nunber of bytes
/1 USBD_CDC_Get NunByt esl nBuf fer returns.)

/1l
r = USBD CDC Receive(hlnst, Buff, NumBytes, -1);
if (r >0) {
<.. process data in Buff..>
}

}

}
}
/1 Main program
/'l Register callback function.
static USB _EVENT CALLBACK _usb_cal |l back;
USBD_CDC_Set OnRXEvent (hl nst, & usb_cal | back, _OnEvent, NULL);
/1 Trigger first read
USBD _CDC Recei ve(lnst, NULL, 0, -1);
<.. do anything else here while the data is processed in the callback ..>
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10.3.1.13 USBD_CDC_SetOnTXEvent()

Description
Sets a callback function for the IN endpoint that will be called on every TX event for that
endpoint.
Prototype
voi d USBD_CDC_Set OnTXEvent ( USB_CDC_HANDLE hl nst,
USB_EVENT_CALLBACK * pEvent Cb,
USB_EVENT_CALLBACK_FUNC * pf Event Cb,
voi d * pContext);
Parameters
Parameter Description
hl nst Handle to a valid CDC instance, returned by
USBD_CDC_Add() .
Event Cb Pointer to a USB_EVENT_CALLBACK structure (will be
P initialized by this function).
f Event Cb Pointer to the callback routine that will be called on every
P event on the USB endpoint.
Cont ext A pointer which is used as parameter for the callback
P function.

Additional information

The USB_EVENT_CALLBACK structure is private to the USB stack. It will be initialized by
USBD_CDC_Set OnTXEvent () . The USB stack keeps track of all event callback functions using
a linked list. The USB_EVENT_CALLBACK structure will be included into this linked list and

must reside in static memory.

The callback function is called only, if a write operation was started using one of the

USBD_CDC Wi te...() functions.

The callback function has the following prototype:

typedef void USB_EVENT_CALLBACK FUNC(unsi gned Events, void *pContext);

Parameter Description
Event s A bit mask indicating which events occurred on the
endpoint.
pCont ext The pointer which was provided to the

USBD Set OnEvent function.

Note that the callback function will be called within an ISR, therefore it should never block.

The first parameter to the callback function will contain a bit mask for all events that

triggered the call:

Event

Description

USB_EVENT_DATA_SEND

Some data was sent to the host, so that (part
of) the user write buffer may be reused by the
application.

USB_EVENT_DATA ACKED

Some data was acknowledged by the host.

USB_EVENT_WRI TE_ABORT

A write transfer was aborted.

USB_EVENT_W\RI TE_COVPLETE

All write operations were completed.
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Example

/1 The cal |l back function.

static void _OnEvent (unsi gned Events, void *pContext) {
if ((Events & USB_EVENT_DATA SEND) != 0 &&
/1 Check for last wite transfer to be conpl et ed.
USBD CDC Cet NunByt esReniToWite(_hlnst) == 0) {
<.. prepare next data for witing..>
/'l Send next packet of data.
r = USBD CDC Wite(_hlnst, &ac[0], 200, -1);
if (r <0) {
<.. error handling..>

}
}

/1 Main program

/'l Register callback function.
static USB _EVENT CALLBACK _usb cal |l back;
USBD_CDC _Set OnTXEvent (hl nst, & usb_cal | back, _OnEvent, NULL);
/'l Send the first packet of data using an asynchronous wite operation.
r = USBD CDC Wite(_hlnst, &ac[0], 200, -1);
if (r <0) {
<.. error handling..>
}

<.. do anything else here while the whole data is send..>
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10.3.1.14 USBD_CDC_UpdateSerialState()

Description

Sets the new serial state. This function updates the control line state internally.
In order to inform the host about the serial state change, refer to the function
USBD CDC WiteSerial State().

Prototype

voi d USBD_CDC_Updat eSeri al St at e( USB_CDC_HANDLE hl nst,
const USB_CDC SERI AL_STATE * pSerial State);
Parameters
Parameter Description
hl nst Handle to a valid CDC instance, returned by
USBD_CDC_Add() .
pSerial State Pointer to the USB_CDC_SERI AL_STATE structure.
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10.3.1.15 USBD_CDC_Write()

Description

Writes data to the host. Depending on the Ti neout parameter, the function may block until
NunByt es have been written or a timeout occurs.

Prototype
int USBD_CDC Wi te( USB_CDC HANDLE  hlnst,
const void * pDat a,
unsi gned NunByt es,
i nt Ti meout) ;
Parameters
Parameter Description
hl nst Handle to a valid CDC instance, returned by
USBD_CDC_Add() .
pDat a Pointer to data that should be sent to the host.
NunByt es Number of bytes to be written.
Ti meout in milliseconds. 0 means infinite. If Ti meout is
Ti meout -1, the function returns immediately and the transfer is
processed asynchronously.

Return value

=0 Successful started an asynchronous write transfer or a timeout
has occurred and no data was written.

> 0 && < NunByt es Number of bytes that have been written before a timeout
occurred.

= NunByt es Write transfer successful completed.

<0 An error occurred.

Additional information

This function also returns when the target is disconnected from host or when a USB reset
occurred.

The USB stack is able to queue a small number of asynchronous write transfers (Ti neout
= -1). If a write transfer is still in progress when this function is called and the USB stack
can not accept another write transfer request, the functions returns USB_STATUS_EP_BUSY.
A synchronous write transfer (Ti meout = 0) will always block until the transfer (including
all pending transfers) are finished.

In order to synchronize, USBD CDC WiitForTX() needs to be called. Another
synchronization method would be to periodically call USBD_CDC_Get NunByt esRenToW i t e()
in order to see how many bytes still need to be written (this method is preferred when a
non-blocking solution is necessary).

The write operation can be canceled using USBD_CDC Cancel Wite().
If pDat a = NULL and NunByt es = 0, a zero-length packet is sent to the host.
In case of a timeout, the write transfer is aborted (see Ti neout handling on page 131).

The content of the buffer pointed to by pDat a must not be changed until the transfer has
been completed.
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10.3.1.16 USBD _CDC_WriteAsync()

Description

Sends data to the host asynchronously. The function does not wait for the data to be send.
A callback function is called after the transfer has completed successfully, an error occurred
or the transfer was canceled.

Prototype
voi d USBD_CDC WiteAsync(USB_CDC_HANDLE hl nst,
USB_ASYNC_| O_CONTEXT * pCont ext,
18 SendOPacket | f Requi r ed) ;
Parameters
Parameter Description
hl nst Handle to a valid CDC instance, returned by
USBD_CDC_Add() .
Cont ext Pointer to an I/O context containing parameters and pointer
P to the callback function.
. Specifies that a zero-length packet shall be sent when the
SendOPacket I f Requi red last data packet is a multiple of MaxPacketSize.
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10.3.1.17 USBD_CDC_WaitForRX()

Description

This function is to be used in combination with USBD _CDC ReadOver | apped() and waits for
the reading data transfer from the host to complete.

Prototype
i nt USBD_CDC Wi t For RX( USB_CDC_HANDLE hl nst,
unsi gned Ti meout) ;
Parameters
Parameter Description
hl nst Handle to a valid CDC instance, returned by
USBD CDC _Add() .
Ti meout Ti meout in milliseconds. 0 means infinite.

Return value

0 Transfer completed.
1 Ti meout occurred.

Additional information

This function shall be called in order to synchronize task with the read data transfer
previously initiated. The function blocks until the number of bytes specified by
USBD_CDC ReadOver | apped() has been read from the host. In case of a timeout, the read
transfer is aborted (see Ti neout handling on page 131).

Example

i f (USBD_CDC _ReadOverl apped(hlnst, &ac[0], 50) < 0) {
<.. error handling..>
return;
}
Il
/1 USBD_CDC _ReadOverl| apped() will return inmrediately.
/1 Do sonething el se while data may be transferred.
Il
<...>
Il
/1 Now wait until we get all 50 bytes.
/1 USBD _CDC Wit ForRX() will block, until total of
/1 50 bytes are read or tineout occurs.
Il
if (USBD_CDC Wit ForRX(hlnst, tineout) != 0) {
<.. tinmeout error handling..>
return;
}
/'l Now we have 50 bytes of data.
/'l Process 50 bytes of data fromac[] here.
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10.3.1.18 USBD_CDC_PollForRX()

Description

This function is to be used in combination with USBD _CDC ReadOver | apped() and waits for
the reading data transfer from the host to complete.

Prototype
i nt USBD_CDC Pol | For RX( USB_CDC_HANDLE hl nst,
unsi gned Ti meout) ;
Parameters
Parameter Description
hl nst Handle to a valid CDC instance, returned by
USBD_CDC_Add() .
Ti meout Ti meout in milliseconds. 0 means infinite.

Return value

0 Transfer completed.
1 Ti meout occurred.

Additional information

This function shall be called in order to synchronize task with the read data transfer
previously initiated. The function blocks until the number of bytes specified by
USBD_CDC _ReadOver | apped() has been read from the host. In case of a timeout, the current
transfer is not affected. The function may be called repeatedly until it does not report a
timeout any more.

Example

i f (USBD_CDC _ReadOverl apped(hlnst, &ac[0], 50) < 0) {
<.. error handling..>
return;
}
Il
/1 USBD_CDC ReadOverl| apped() will return inmediately.
/1 Wiile waiting for the data, we will blink a LED with 200 ns interval.
/1 USBD CDC Pol |l ForRX() will return, if all data were read or 100 ns expired.
Il
while ((r = USBD _CDC Pol | ForRX(hlnst, 100)) > 0) {
Toggl eLED() ;
}
if (r <0) {
<.. error handling..>
return;
}
/1 Now we have 50 bytes of data.
/'l Process 50 bytes of data from ac[] here.
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10.3.1.19 USBD_CDC_WaitForTX()

Description

This function is to be used in combination with a non-blocking call to USBD CDC Wite().
This function waits for the writing data transfer to the host to complete.

Prototype
i nt USBD_CDC Wai t For TX( USB_CDC_HANDLE hl nst,
unsi gned Ti meout) ;
Parameters
Parameter Description
hl nst Handle to a valid CDC instance, returned by
USBD_CDC_Add() .
Ti meout Ti meout in milliseconds. 0 means infinite.

Return value

0 Transfer completed.
1 Ti meout occurred.

Additional information

This function shall be called in order to synchronize task with the write data transfer
previously initiated. This function blocks until the number of bytes specified by
USBD _CDC Wite() has been written to the host. In case of a timeout, the write transfer
is aborted (see Ti neout handling on page 131).
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10.3.1.20 USBD_CDC_PollForTX()

Description

This function is to be used in combination with a non-blocking call to USBD CDC Wite().
This function waits for the writing data transfer to the host to complete.

Prototype
i nt USBD_CDC Pol | For TX( USB_CDC_HANDLE hl nst,
unsi gned Ti meout) ;
Parameters
Parameter Description
hl nst Handle to a valid CDC instance, returned by
USBD_CDC_Add() .
Ti meout Ti meout in milliseconds. 0 means infinite.

Return value

0 Transfer completed.
1 Ti meout occurred.

Additional information

This function shall be called in order to synchronize task with the write data transfer
previously initiated. This function blocks until the number of bytes specified by
USBD_CDC Wite() has been written to the host. In case of a timeout, the current transfer
is not affected. The function may be called repeatedly until it does not report a timeout
any more.

Example

if (USBD CDC Wite(hlnst, &c[0], 50, -1) < 0) {
<.. error handling..>

return;
}
/1
/1 USBD CDC Wite() will return imediately.
/1 Wiile waiting for the data to be transferred, we will blink a LED with

200 s interval .

/1 USBD CDC Pol |l ForTX() will return, if all data were send or 100 ns expired.
Il

while ((r = USBD_CDC_Pol | For TX(hl nst, 100)) > 0) {

Toggl eLED() ;
}

if (r <0) {
<.. error handling..>
return;

}

/1 Now all data have been send.
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10.3.1.21 USBD_CDC_WaitForTXReady()

Description

Waits (blocking) until the TX queue can accept another data packet. This function is
used in combination with a non-blocking call to USBD CDC Wi te(), it waits until a new
asynchronous write data transfer will be accepted by the USB stack.

Prototype
i nt USBD_CDC_Wai t For TXReady( USB_CDC_HANDLE hl nst,
i nt Ti meout ) ;
Parameters
Parameter Description
hl nst Handle to a valid CDC instance, returned by
USBD_CDC_Add() .
, Ti meout in milliseconds. 0 means infinite. If Ti meout is
Ti meout : ) . . -
negative, the function will return immediately.

Return value

=0 A new asynchronous write data transfer will be accepted.

=1 The write queue is full, a call to USBD CDC Wite() would return
USB_STATUS_EP_BUSY.

<0 Error occurred.

Additional information
If Ti meout is 0, the function never returns 1.

If Ti meout is -1, the function will not wait, but immediately return the current state.

Example

/'l Al 'ways keep the write queue full for nmaxi nrum send speed.
for (53) {

pDat a = Get Next Dat a( &NunByt es) ;

/1 Wait until stack can accept a new write.

USBD_CDC Wi t For TxReady( hl nst, 0);

/1 Put wite transfer into the wite queue.

if (USBD_CDC Wite(hlnst, pData, NunBytes, -1) < 0) {

<.. error handling..>

}

}
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10.3.1.22 USBD_CDC_WriteSerialState()

Description

Sends the current control line serial state to the host. The current control line serial state
can be set using USBD_CDC Updat eSeri al State() .

This functions returns immediately. The USB transfer is performed asynchronously.

Prototype
voi d USBD CDC WiteSerial State(USB_CDC HANDLE hl nst);
Parameters
Parameter Description
hl nst Handle to a valid CDC instance, returned by
USBD_CDC_Add() .
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10.3.1.23 USBD _CDC_GetNumBytesRemToRead()

Description

This function is to be used in combination with USBD CDC ReadOver | apped() . It returns
the number of bytes which still have to be read during the transaction.

Prototype
i nt USBD_CDC_Get NunmByt esRenToRead( USB_CDC_HANDLE hl nst);
Parameters
Parameter Description
hl nst Handle to a valid CDC instance, returned by
USBD_CDC_Add() .

Return value

Number of bytes which still have to be read.

Additional information

Note that this function does not return the number of bytes that have been read, but the
number of bytes which still have to be read. This function does not block.

Example

NumByt esRecei ved = USBD _CDC _ReadOver| apped(hl nst, &ac[0], 50);
i f (NunBytesReceived < 0) {
<.. error handling..>
}
i f (NunBytesReceived > 0) {
/1 Already had some data in the internal buffer.
/1 The first 'NunBytesReceived bytes may be processed here.
<...>
} else {
/1 Wait until we get all 50 bytes
whi |l e (USBD_CDC_Get NunByt esRenTToRead( hl nst) > 0) {
USB_OS_Del ay(50);
}
}
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10.3.1.24 USBD_CDC_GetNumBytesRemToWrite()

Description

This function is to be used in combination with a non-blocking call to USBD CDC Wite().
It returns the number of bytes which still have to be written during the transaction.

Prototype
i nt USBD_CDC_Get NunByt esReniToW it e( USB_CDC _HANDLE hl nst);
Parameters
Parameter Description
hl nst Handle to a valid CDC instance, returned by
USBD_CDC_Add() .

Return value

Number of bytes which still have to be written.

Additional information

Note that this function does not return the number of bytes that have been written, but the
number of bytes which still have to be written. This function does not block.

Example

/1 NunBytesWitten will contain > 0 val ues
/1 if we had anything in the wite buffer.
NumByt esWitten = USBD CDC Wite(hlnst, &ac[0], TRANSFER SIZE, -1);
if (NunBytesWitten < 0) {
<.. error handling..>
}
/'l NunmByt esToWite shows how many bytes still have to be witten.
whil e (USBD_CDC_Get NunByt esReniToWite(hlnst) > 0) {
USB_OS_Del ay(50);
}
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10.3.1.25 USBD_CDC_GetNumBytesIinBuffer()

Description

Returns the number of bytes that are available in the internal BULK-OUT endpoint buffer.
This function does not start a read transfer.

Prototype
i nt USBD_CDC_Get NunByt esl nBuf f er (USB_CDC_HANDLE hl nst) ;
Parameters
Parameter Description
hl nst Handle to a valid CDC instance, returned by
USBD_CDC_Add() .

Return value

Number of bytes which have been stored in the internal buffer.

Additional information

The number of bytes returned by this function can be read using USBD _CDC Read() without
blocking.
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10.3.2 Data structures

10.3.2.1 USB_CDC_INIT_DATA

Description
Initialization structure that is needed when adding a CDC interface to emUSB-Device.

Type definition

typedef struct {
U8 EPIn;
Us EPQut;
U8 EPInNt;

} USB_CDC_I NI T_DATA;

Structure members

Member Description
EPI n Bulk IN endpoint for sending data to the host.
EPQut Bulk OUT endpoint for receiving data from the host.
EPI nt Interrupt IN endpoint for sending status information.
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10.3.2.2 USB_CDC_LINE_CODING

Description

Structure that contains the new line-coding information sent by the host.

Type definition

typedef struct {
U32 DTERat e;
us Char For mat ;
us ParityType;
us Dat aBits;
} USB_CDC LI NE_CCODI NG;

Structure members

Member Description

DTERat e The data transfer rate for the device in bits per second.
Number of stop bits:
e 0-1 Stop bit

Char For mat e 1-1.5Stop bits
e 2 -2 Stop bits
Specifies the parity type:
e 0 -None

: e 1-0dd

ParityType e 2-Even
e 3 - Mark
e 4 - Space

Dat aBi ts Specifies the bits per byte: (5, 6, 7, 8)
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10.3.2.3 USB_CDC_SERIAL_STATE

Description

Structure that contains the serial state that can be sent to the host.

Type definition

typedef struct {
DCD;
DSR;
Br eak;
Ri ng;
Fram ngError;
ParityError;
Over RunError;
CTS;
B_CDC_SERI AL_STATE;

55566665

}

Structure members

Member Description
DCD Data Carrie_r Detect: Tells that the device is connected to the
telephone line.
DSR Data Set Read: Device is ready to receive data.
Br eak 1 - Break condition signaled.
Ri ng Device indicates that it has detected a ring signal on the

telephone line.

Fram ngErr or

When set to 1, the device indicates a framing error.

ParityError

When set to 1, the device indicates a parity error.

Over RunErr or

When set to 1, the device indicates an over-run error.

CTS

Clear to Send: Deprecated, not used with USB.

Additional information

All members of the structure may have value 0 (false) or 1 (true).
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10.3.2.4 USB_CDC_CONTROL_LINE_STATE

Description

Structure that contains the new control line state sent by the host.
Type definition
typedef struct {

us DTR;

Us RTS;
} USB_CDC_CONTROL_LI NE_STATE;

Structure members

Member Description
DTR Data Terminal Ready.
RTS Request To Send.

Additional information

All members of the structure may have value 0 (false) or 1 (true).
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Human Interface Device Class
(HID)

This chapter gives a general overview of the HID class and describes how to get the HID
component running on the target.
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11.1 Overview

The Human Interface Device class (HID) is an abstract USB class protocol defined by the
USB Implementers Forum. This protocol was defined for the handling of devices which are
used by humans to control the operation of computer systems.

An installation of a custom-host USB driver is not necessary, because the USB human
interface device class is standardized and every major OS already provides host drivers
for it.

11.1.1 Further reading

The following documents define the HID class and have been used to implement and verify
the HID component:

e [HID1] Device Class Definition for Human Interface Devices (HID), Firmware
Specification—6/27/01 Version 1.11
e [HID2] HID Usage Tables, 1/21/2005 Version 1.12

11.1.2 Categories

Devices which are in the HID class generally fall into one of two categories:

True HIDs and vendor specific HIDs, explained below. One or more examples for both
categories are provided.

11.1.2.1 True HIDs

True HID devices are devices which communicate directly with the host operating system,
this includes devices which are used by a human to enter data, but do not directly exchange
data with an application program running on the host.

Typical examples

Keyboard

Mouse and similar pointing devices

Joystick

Gamepad

Bar-code reader

Front-panel controls - for example, switches and buttons.

11.1.2.2 Vendor specific HIDs

These are HID devices communicating with an application program. The host OS loads the
same driver it loads for any “true HID” and will automatically enumerate the device, but it
cannot communicate with the device. When analyzing the report descriptor, the host finds
that it cannot exchange information with the device; the device uses a protocol which is
meaningless to the HID driver of the host. The host will therefore not exchange information
with the device. A host recognizes a vendor specific HID by its vendor-defined usage page

in the report descriptor: the numerical value of the usage page lies between OxFF00 and
OxFFFF.

An application has the chance to communicate with the particular device using API functions
offered by the host. This enables an application program to communicate with the device
without having to load a driver. HID does not take advantage of the full USB bus bandwidth;
bulk communication can be much faster, but requires a driver with older operating systems.
Therefore it can be a good choice to select HID as a device class, especially if ease of use
is important and high communication speed is not required.

Typical examples

e Thermometer
e \oltmeter
e Low-speed JTAG emulator
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e UPS (Uninterruptible power supply)
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11.2 Background information

11.2.1 HID descriptors

This section presents an overview of the HID class-specific descriptors. The HID descriptors
are defined in the Device Class Definition for Human Interface Devices (HID) of the USB
Implementers Forum. Refer to the USB Implementers Forum website, https://www.usb.org,
for detailed information about the USB HID standard.

Device
descriptor

Configuration

descriptor

Interface HID
descriptor descriptor
Endpoint Report
descriptor descriptor

Physical
descriptor

11.2.1.1 HID descriptor

A HID descriptor contains the report descriptor and optionally the physical descriptors.
It specifies the number, type, and size of the report descriptor and the report’s physical
descriptors.

11.2.1.2 Report descriptor

Data between host and device is exchanged in so called “reports”. The report descriptor
defines the format of a report. In general, HIDs require a report descriptor as defined in the
Device Class Definition for Human Interface Devices (HID). The only exception to this are
very basic HIDs such as mice or keyboards. This implementation of HID always requires
a report descriptor.

Using HID only transfers matching the report size are allowed, for example if a report is
defined to be 64 bytes large in either direction only transfer of 64 bytes are allowed. If the
application needs to transfer less data the packet must be padded by the application to
match the report size. The report descriptor can define multiple reports of different sizes.
In this case the first byte of the transfer must contain the report ID.

The USB Implementers Forum provides an application which helps to build and modify HID
report descriptors. The HID Descriptor Tool can be downloaded from:

https://www.usb.org/hid
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HID Descriptor Toal (DT) - hi n=h
File Edit Parse Descriptor  About

HID ltems Report Descriptor
USAGE
USAGE_PAGE —
USAGE_MINIMUM
USAGE_MAXTIMUM
DESIGNATOR_INDEX
DESIGNATOR_MINIMUM
DESIGNATOR_MAXTMUM
STRING_INDEX
STRING_MINIMUM
STRING_MAXIMUM
COLLECTION
END_COLLECTION
INPUT

OUTPUT

FEATURE
LOGICAL_MINIMUM
LOGICAL_MAXIMUM
PHYSICAL_MINIMUM
PHYSICAL_MAXIMUM
UNIT_EXPONENT

UNIT |

»

m

REPORT_SIZE
REPORT_ID
REPORT_COUNT =

Manual Entry
Clear Descriptor

11.2.1.3 Physical descriptor
Physical descriptor sets are optional descriptors which provide information about the part

or parts of the human body used to activate the controls on a device. Physical descriptors
are currently not supported.
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11.3 Configuration

11.3.1 Initial configuration

To get emUSB-Device up and running as well as doing an initial test, the configuration as it is
delivered should not be modified. The configuration must only be modified if emUSB-Device
should be used in your final product. Refer to the section emUSB-Device Configuration on
page 50 for detailed information about the functions which must be adapted before you
can release a final product version.

11.3.2 Final configuration

Generating a report descriptor

This step is only required if your product is a vendor-specific human interface device.
The report descriptor provided in the example application can typically be used without
any modification. The vendor-defined usage page should be adapted in a final product.
Vendor-defined usage pages can be in the range from OxFF00 to OxFFFF. The low byte
can be selected by the application programmer. It needs to be identical on both target
and host and should be unique (as unique as an 8-bit value can be). The examples use
the value 0x12; this value is defined at the top of the application program with the macro
USB_HI D_DEFAULT_VENDOR PAGE.
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11.4 Example application

Example applications are supplied. These can be used for testing the correct installation
and proper function of the device running emUSB-Device.

The following start application files are provided:

File Description
USB HI D Muse. c Simple mouse example. ("True HID” example)
USB HI D Echol.c Modified echo server. (“vendor specific” example)

11.4.1 USB_HID Mouse.c

USB_HI D _Muse. c is a typical example for a “true HID” implementation. The host identifies
the device which is programmed with this example as a mouse. After the device is
enumerated, it moves the mouse cursor in an endless loop to the left and after a short
delay back to the right.

11.4.2 USB_HID _Echol.c

USB_HI D_Echol. c is a typical example for a “vendor-specific HID” implementation. The HID
start application ( USB_HI D_Echol. ¢ located in the Appl i cati on subfolder) is a modified
echo server; the application receives data byte by byte, increments every single byte and
sends them back to the host.

USB HID
example

application

USB connection

Target programmed
with the example
application consistent
with the application
running on host side:
HTD Echol.c

To use this application, include the source code file USB_H D _Echol. ¢ into your project and
compile and download it into your target. Run H DEchol. exe after the target is connected
to the host and the enumeration process has been completed. The PC application is supplied
as executable in the W ndows\ USB\ HI D\ Sanpl eApp\ Exe directory. The source code of the
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PC example is also supplied. Refer to section Compiling the PC example application for more
information to the PC example project.

11.4.2.1 Running the example

1. Add USB HI D Echol. ¢ to your project and build and download the application into the
target.

2. Connect your target to the host via USB while the example application is running,
Windows will detect the new HID device.

3. If a connection can be established, it exchanges data with the target, testing the USB
connection. If the host example application can communicate with the emUSB-Device
device, the example application outputs the product name, Vendor and Product ID and
the report size which will be used to communicate with the target. The target will be
in interactive mode.

Example output of USB_HI D_Echol. exe:

“HIDEchol.exe

Device H:
Productname: HID generic sample
uIip - Bx8765

PID D Bx1114
ReportSizes:
Input : b4 bhytes
Qutput : b4 bytes
Starting Echo...

Enter the number of echoes to he sent to the echo client: _

4. Enter the number of reports that should be transmitted when the device is connected.
Every dot in the terminal window indicates a transmission.

“HIDEchol.exe

Device H:
Productname: HID generic sample
uIip - Bx8765
PID D Bx1114
ReportSizes:
: b4 bhytes
: b4 bytes

Enter the numﬂé; of echoes to be szent to the echo client: 58688

11.4.2.2 Compiling the PC example application

Under Window you can build the sample by using the provided VisualStudio 2010 project.
The source code of the example application is located in the subfolder W ndows\ USB\ HI D
\ Sanpl eApp. Open the file USBHI D Start.sln and compile the source choose Build |
Build SampleApp.exe (Shortcut: F7). To run the executable choose Build | Execute
SampleApp.exe (Shortcut: CTRL-F5).
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Note

The Microsoft Windows Driver Development Kit (DDK) is required to compile the
HID host example application. Refer to https://docs.microsoft.com/en-us/windows-
hardware/drivers/download-the-wdk for more information.

Under Linux simply generate the executable by invoking make in the W ndows/ USB/ HI IY
Sanpl eApp folder in a shell

cd W ndows/ USB/ HI DY Sanpl eApp
make
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11.5 Target API

This section describes the functions that can be used on the target system.

General information

To communicate with the host, the example application project includes USB-specific header
and source files. These files contain API functions to communicate with the USB host.

Purpose of the USB Device API functions

To have an easy start up when writing an application on the device side, these API functions
have a simple interface and handle all operations that need to be done to communicate with
the host. Therefore, all operations that need to write to or read from the emUSB-Device
are handled internally by the provided API functions.
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11.5.1 Target interface function list

Function

Description

API functions

USBD_HI D_AddEx()

Adds HID class device to the USB
interface.

USBD_HI D_Add()

Adds HID class device to the USB
interface.

USBD HI D_Get NunByt esl| nBuf f er ()

Returns the number of bytes available in
the internal read buffer.

USBD HI D _Get NunByt esRenmToRead()

Checks how many bytes still have to be
read.

USBD_HI D_Get NunByt esRenToW i t e()

Checks how many bytes still have to be
written.

USBD_HI D_Read()

Reads data from the host with a given
timeout.

USBD HI D _ReadOver | apped()

Reads data from the host asynchronously.

USBD_HI D_Recei ve()

Reads data from the host.

USBD_HI D_Recei vePol | ()

Reads data from the host.

USBD_HI D_\ai t For RX()

This function is to be used in combination
with USBD_HI D_ReadOver | apped() .

USBD_HI D_\ai t For TX()

This function is to be used in
combination with a non-blocking call to
USBD H D Wite().

USBD HID Wite()

Writes data to the host.

USBD_HI D_Set OnCGet Repor t Request ()

Allows to set a callback for the GET_REPORT
command.

USBD HI D_Set OnSet Report Request ()

Allows to set a callback for the SET_REPORT
control command.

USBD HI D _ReadReport ()

Reads report data that was sent from the
host via the control EP.

Data structures

USB_HI D_| NI T_DATA EX

Initialization structure that is needed when
adding a HID interface to emUSB-Device.

USB_HI D_I NI T_DATA

Initialization structure that is needed when
adding a HID interface to emUSB-Device.

Type definitions

USB_HI D_ON_GETREPORT REQUEST FUNC

Callback function which is set via
USBD HI D_Set OnGet Report Request ().

USB_H D_ON_SETREPORT REQUEST_FUNC

Callback function which is set via
USBD_HI D_Set OnSet Repor t Request () .
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11.5.2 HID Target API functions

11.5.2.1 USBD_HID AddEX()

Description
Adds HID class device to the USB interface.

Prototype
USB_H D_HANDLE USBD_H D _AddEx(const USB_H D_| NI T_DATA EX * plnitData);
Parameters
Parameter Description
| ni t Dat a Pointer to a USB_HI D | NI T_DATA EX structure. For detailed
P information refer to USB_HI D | NI T_DATA EX.

Return value
USB_HI D HANDLE: Handle to the HID instance (can be zero).

Additional information

After the initialization of general emUSB-Device, this is the first function that needs to be
called when the USB-HID interface is used with emUSB-Device.
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11.5.2.2 USBD_HID_Add()

Description
Adds HID class device to the USB interface.

Prototype
USB_H D_HANDLE USBD_HI D_Add(const USB_HI D_| Nl T_DATA * plnitData);
Parameters
Parameter Description
| ni t Dat a Pointer to a USB_HI D_| NI T_DATA structure. For detailed
P information refer to USB_HI D _| NI T_DATA.

Return value
USB_HI D HANDLE: Handle to the HID instance (can be zero).

Additional information

After the initialization of general emUSB-Device, this is the first function that needs to be
called when the USB-HID interface is used with emUSB-Device.
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11.5.2.3 USBD_HID GetNumBytesInBuffer()

Description

Returns the number of bytes available in the internal read buffer.

Prototype
unsi gned USBD_HI D_Get NunByt esl nBuf f er (USB_HI D_HANDLE hl nst);
Parameters
Parameter Description
hl nst Handle to an HID handle which is returned by
USBD_HI D_Add() .

Return value

>0 Number of bytes in the internal read buffer.
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11.5.2.4 USBD_HID GetNumBytesRemToRead()

Description

Checks how many bytes still have to be read.

Prototype
unsi gned USBD_HI D_Get NunByt esRenToRead( USB_H D_HANDLE hl nst);
Parameters

Parameter Description
hl nst Handle to an HID instance.

Return value
=20 Number of bytes which have not yet been read.

Additional information

This function is to be used in combination with USBD _HI D _ReadOver | apped() . After starting
the read operation this function can be used to periodically check how many bytes still have
to be read. Alternatively the blocking function USBD HI D Wi t For RX() can be used.
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11.5.25 USBD_HID GetNumBytesRemToWrite()

Description

Checks how many bytes still have to be written.

Prototype
unsi gned USBD_HI D_Get NumByt esRenTToW it e( USB_H D _HANDLE hl nst);
Parameters
Parameter Description
hl nst Handle to an HID instance.

Return value

>0 Number of bytes which have not yet been written.

Additional information

This function is to be used in combination with a non-blocking call to USBD H D Wite().
After starting the write operation this function can be used to periodically check how many
bytes still have to be written. Alternatively the blocking function USBD HI D Wi t For TX()
can be used.
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11.5.2.6 USBD_HID Read()

Description

Reads data from the host with a given timeout.

Prototype
int USBD H D Read(USB_HI D HANDLE hl nst,

voi d * pDat a,

unsi gned NunByt es,

unsi gned Ti meout ) ;
Parameters

Parameter Description
hl nst Handle to an HID instance.
pDat a Pointer to a buffer where the received data will be stored.
NunByt es Number of bytes to read.
. Ti meout given in milliseconds. A zero value results in an
Ti meout S .
infinite timeout.

Return value

= NunByt es Requested data was successfully read within the given timeout.

= 0, < NunByt es Ti meout has occurred. Number of bytes that have been read within
the given timeout.

<0 Returns a USB_STATUS ERROR.

Additional information

This function blocks until the timeout has been reached, it has received NunByt es or until
the device is disconnected from the host. This function blocks a task until all data has been
read or a timeout occurs. In case of a reset or a disconnect USB_STATUS_ERROR is returned.

The host will always send transmissions which match the report size. In most cases it makes
sense to set NunByt es to the report size.

When using multiple reports the first byte will contain the report ID.
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11.5.2.7 USBD_HID ReadOverlapped()

Description

Reads data from the host asynchronously.

Prototype
int USBD H D_ReadOver| apped(USB_H D_HANDLE  hl nst,
voi d * pDat a,
unsi gned NunmByt es) ;
Parameters
Parameter Description
hl nst Handle to a HID instance.
pDat a Pointer to a buffer where the received data will be stored.
NunByt es Number of bytes to read.
Return value
>0 Number of bytes that have been read from the internal buffer (success).
=0 No data was found in the internal buffer (success).

<0 Error.

Additional information

This function will not block the calling task. The read transfer will be initiated and the
function returns immediately. In order to synchronize, USBD HI D Wi t For RX() needs to
be called. Alternatively the function USBD HI D Get NunByt esRemToRead() can be called
periodically to check whether all bytes have been written or not. The buffer pointed to by
pDat a must be valid until the read operation is terminated.

The host will always send transmissions which match the report size. In most cases it makes
sense to set NunByt es to the report size.

When using multiple reports the first byte will contain the report ID.
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11.5.2.8 USBD_HID Receive()

Description

Reads data from the host. The function blocks until any data has been received or a timeout
occurs (if Ti meout = 0). In contrast to USBD H D Read() this function does not wait for all
of NunByt es to be received, but returns after the first packet has been received. In case of
a timeout, the read transfer is aborted (see Ti meout handling on page 131).

Prototype
int USBD H D_Receive(USB_H D _HANDLE hl nst,
voi d * pDat a,
unsi gned NunByt es,
i nt Ti meout) ;
Parameters
Parameter Description
hl nst Handle to an HID instance.
pDat a Pointer to a buffer where the received data will be stored.
NunByt es Maximum number of bytes to read.

Ti meout in milliseconds. 0 means infinite. If Ti meout is
Ti meout -1, the function never blocks and only reads data from the
internal endpoint buffer.

Return value

>0 Number of bytes that have been read.

=0 A timeout occurred (if Ti neout > 0), zero packet received (nhot every
controller supports this!), no data in buffer (if Ti neout < 0) or the target was
disconnected during the function call and no data was read so far.

<0 Error occurred.

Additional information

If no error occurs, this function returns the number of bytes received. Calling
USBD_HI D_Recei ve() will return as much data as is currently available -- up to the size of
the buffer specified. This function also returns when the target is disconnected from the host
or when a USB reset occurred during the function call, it will then return USB_STATUS_ERROCR.

If a read transfer was pending while the function is called, it returns USB_STATUS_EP_BUSY.

If the USB stack receives a data packet from the host containing more bytes than requested,
the remaining bytes are stored into the internal buffer of the endpoint, that was provided
via USBD_AddEP() . This data can be retrieved by a later call to USBD_H D _Recei ve() /
USBD _HI D_Read() . See also USBD_HI D_Get NunByt esl nBuf f er () .

A call of USBD_HI D _Recei ve(lnst, NULL, 0, -1) can be used to trigger an asynchronous
read that stores the data into the internal buffer.
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11.5.2.9 USBD_HID_ReceivePoll()

Description

Reads data from the host. The function blocks until any data has been received or a timeout
occurs (if Ti meout = 0). In contrast to USBD BULK Read() this function does not wait for all
of NunByt es to be received, but returns after the first packet has been received. In contrast
to USBD BULK Recei ve() this function will continue the read transfer asynchronously in
case of a timeout.

Prototype
int USBD H D_ReceivePol | (USB_H D HANDLE  hl nst,
voi d * pDat a,
unsi gned NunByt es,
unsi gned Ti meout) ;
Parameters
Parameter Description
hl nst Handle to an HID instance.
pDat a Pointer to a buffer where the received data will be stored.
NunByt es Maximum number of bytes to read.
Ti meout Ti meout in milliseconds. 0 means infinite.

Return value

>0 Number of bytes that have been read.

=0 A timeout occurred (if Ti neout > 0), zero packet received (not every controller
supports this!) or the target was disconnected during the function call and no
data was read so far.

<0 Error occurred.

Additional information

If no error occurs, this function returns the number of bytes received. Calling
USBD _HI D_Recei vePol I () will return as much data as is currently available -- up to the
size of the buffer specified. This function also returns when the target is disconnected
from the host or when a USB reset occurred during the function call, it will then return
USB_STATUS_ERROR.

If a read transfer was pending while the function is called, it returns USB_STATUS_EP_BUSY.

If the USB stack receives a data packet from the host containing more bytes than requested,
the remaining bytes are stored into the internal buffer of the endpoint, that was provided
via USBD_AddEP() . This data can be retrieved by a later call to USBD_H D _Recei ve() /
USBD _HI D_Read() . See also USBD_HI D_Get NunByt esl nBuf f er () .

If a timeout occurs, the read transfer is not affected. Data send from the host after the
timeout is stored into the internal buffer of the endpoint and can be read by later calls to
USBD_HI D_Recei vePol | ().

If Ti meout = 0, the function behaves like USBD_HI D_Recei ve() .
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11.5.2.10 USBD_HID WaitForRX()

Description

This function is to be used in combination with USBD Hl D ReadOver| apped() . After the
read function has been called this function can be used to synchronize. It will block until
the transfer is completed.

Prototype
i nt USBD_HI D Wi t For RX(USB_HI D_HANDLE hl nst,
unsi gned Ti meout) ;
Parameters
Parameter Description
hl nst Handle to a HID instance.
, Ti meout given in milliseconds. A zero value results in an
Ti meout P
infinite timeout.

Return value

=0 Transfer completed.
=1 Ti meout occurred.
<0 Error occurred.

Additional information

In case of a timeout, a current transfer is canceled.
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11.5.2.11 USBD_HID WaitForTX()

Description

Target API

This function is to be used in combination with a non-blocking call to USBD H D Wite().
After the write function has been called this function can be used to synchronise. It will
block until the transfer is completed.

Prototype
i nt USBD_HI D Wit For TX(USB_HI D_HANDLE hl nst,
unsi gned Ti meout) ;
Parameters
Parameter Description
hl nst Handle to a HID instance.
, Ti meout given in milliseconds. A zero value results in an
Ti meout P
infinite timeout.

Return value

=0 Transfer completed.
=1 Ti meout occurred.
<0 An error occurred.

Additional information

In case of a timeout, a current transfer is canceled.
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11.5.2.12 USBD_HID_ Write()

Description

Writes data to the host. Depending on the Ti neout parameter, the function may block until
NunByt es have been written or a timeout occurs.

Prototype
int USBD HI D Wite( USB_H D HANDLE  hi nst,
const void * pDat a,

unsi gned NunByt es,

i nt Ti meout) ;
Parameters

Parameter Description

hl nst Handle to an HID instance.
pDat a Pointer to data that should be sent to the host.
NunByt es Number of bytes to write. Should match the report size.

Ti meout in milliseconds. 0 means infinite. If Ti meout is
Ti meout -1, the function returns immediately and the transfer is
processed asynchronously.

Return value

=0 Successful started an asynchronous write transfer or a timeout
has occurred and no data was written.

> 0 && < NunByt es Number of bytes that have been written before a timeout
occurred.

= NunByt es Write transfer successful completed.

<0 Error occurred.

Additional information

This function also returns when the target is disconnected from host or when a USB reset
occurred.

The USB stack is able to queue a small number of asynchronous write transfers (Ti neout
= -1). If a write transfer is still in progress when this function is called and the USB stack
can not accept another write transfer request, the functions returns USB_STATUS_EP_BUSY.

In order to synchronize, USBD H D WaitForTX() needs to be called. Another
synchronization method would be to periodically call USBD_HI D_Get NunByt esRenToW i t e()
in order to see how many bytes still need to be written (this method is preferred when a
non-blocking solution is necessary).

The content of the buffer pointed to by pDat a must not be changed until the transfer has
been completed.

A transfer which does not match the report size will not be accepted by the host.

When using multiple reports the first byte must contain the report ID.
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11.5.2.13 USBD_HID_SetOnGetReportRequest()

Description

Allows to set a callback for the GET_REPORT command. The GET_REPORT command is sent
from the host to the device.

Prototype

voi d USBD_HI D_Set OnGet Report Request
(USB_HI D_HANDLE hl nst,
USB_HI D_ON_GETREPORT_REQUEST_FUNC * pf OnGet Report Request);

Parameters

Parameter Description
hl nst Handle to an HID instance.

Pointer to a function of type

pf OnGet Repor t Request | ,op 1y "N GETREPORT REQUEST FUNC.

Additional information
See the description of USB_ H D ON_GETREPORT _REQUEST_FUNC for more details.
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11.5.2.14 USBD_HID_SetOnSetReportRequest()

Description

Allows to set a callback for the SET_REPORT control command. The SET_REPORT command
is sent from the host to the device.

Prototype
voi d USBD_HI D_Set OnSet Report Request

(USB_HI D_HANDLE hl nst,
USB_HI D_ON_SETREPORT_REQUEST_FUNC * pf OnSet Report Request);

Parameters

Parameter Description
hl nst Handle to an HID instance.

Pointer to a function of type

pf OnSet Repor t Request | ,op 1y "N SETREPORT REQUEST FUNC .

Additional information
See the description of USB_H D _ON SETREPORT REQUEST FUNC for more details.
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11.5.2.15 USBD_ HID_ReadReport()

Description

Reads report data that was sent from the host via the control EP. This function returns
immediately and will not wait for a report send from the host. Can be used in combination
with a callback function installed with USBD H D Set OnSet Report Request ().

Prototype
int USBD H D_ReadReport (USB_HI D HANDLE hl nst,
voi d * pDat a,
unsi gned NunmByt es) ;
Parameters
Parameter Description
hl nst Handle to a HID instance.
pDat a Pointer to a buffer where the received data will be stored.
NunByt es Number of bytes to read.
Return value
>0 Number of bytes that have been read.
=0 No report was sent from the host.

<0 Error.

Additional information

The host will always send transmissions which match the report size. In most cases it makes
sense to set NunByt es to the report size.

When using multiple reports the first byte will contain the report ID.
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11.5.3 Data structures

11.5.3.1 USB_HID_INIT_DATA_EX

Description
Initialization structure that is needed when adding a HID interface to emUSB-Device.
Type definition

typedef struct {

ul6 Fl ags;

us EPI n;

us EPQut ;

const U3 * pReport;

Ul6 NunByt esReport ;
Ul6 Buf f Si ze;

us * pBuff;

const char * plnterfaceNane;
} USB_HI D | NI T_DATA EX;

Structure members

Member Description

Fl ags Reserved, must be set to 0.

EPI n Endpoint for sending data to the host.

EPQut Endpoint for receiving data from the host.

pReport Pointer to a report descriptor.

NunByt esReport Size of the HID report descriptor in bytes.

Buff Si ze S_ize of the buffer pointed to by pBuf f . Must be at least the
size of the output report.
Pointer to a buffer for receiving reports from the host via

pBUff endpoint 0 (Set _Report request).

pl nt er f aceNane Name of the interface. May be NULL.

Additional information

To be able to receive input reports from the host either an endpoint must be allocated
(EPCut ) or a buffer must be provided (BufferSize, pBuf f ). If both EPOCut = 0 and BufferSize
= 0, then USBD_HI D_Read() will not work and all requests from the host will be stalled by
the USB stack. To receive Set Feature Report control commands the buffer is required.

pReport points to a report descriptor. A report descriptor is a structure which is used to
transmit HID control data to and from a human interface device. A report descriptor defines
the format of a report and is composed of report items that define one or more top-level
collections. Each collection defines one or more HID reports. Refer to Universal Serial Bus
Specification, 1.0 Version and the latest version of the HID Usage Tables guide for detailed
information about HID input, output and feature reports. The USB Implementers Forum
provide an application that helps to build and modify HID report descriptors. The HID
Descriptor Tool can be downloaded from: www.usb.org/developers/hidpage/. The report
descriptor used in the supplied example application H D_Echol. ¢ should match to the
requirements of most “vendor specific HID” applications. The report size is defined to 64
bytes. As mentioned before, interrupt endpoints are limited to at most one packet of at
most 64 bytes per frame (on full speed devices).

Example 1 (configure to receive reports via separate endpoint)

static void _AddH D(void) {
USB_HI D_I NI T_DATA EX I nit Dat a;
U3 Interval = 10;
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static U8 acBuffer[64];

menset (& nitData, 0, sizeof(lnitData));

CHAPTER 11

Target API

InitData. EPIn = USB_AddEP(USB DI R IN, USB_TRANSFER TYPE_INT, Interval, NULL, 0);
I ni t Data. EPQut = USB_AddEP(USB_DI R_OUT, USB_TRANSFER TYPE_INT, Interval,

&acBuffer[0],
InitData. pReport = _aH DReport;
I ni t Dat a. NunByt esReport = si zeof (_aH DReport);
InitData. plnterfaceNane = "H D i nterface";

USBD_HI D_AddEx( & ni t Dat a) ;

si zeof (acBuffer));

Example 2 (configure to receive reports via endpoint 0)

static void _AddH D(void) {

USB_HI D | NI T_DATA EX I ni t Dat a;

U8 Interval = 10;
static U8 acBuffer[64];

menset (& nitData, 0, sizeof(lnitData));

InitData. EPIn = USB_AddEP(USB DIR IN, USB_TRANSFER TYPE INT, Interval, NULL, 0);

I ni tData. pBuff = &acBuffer[0];

I ni tData. BufferSize = sizeof (acBuffer);

I ni t Dat a. pReport = _aHl DReport;

I ni t Dat a. NunByt esReport = si zeof (_aH DReport);
InitData.plnterfaceNane = "HI D i nterface";

USBD_HI D_AddEx( &l ni t Dat a) ;
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11.5.3.2 USB_HID_INIT_DATA

Description
Initialization structure that is needed when adding a HID interface to emUSB-Device.
Type definition

typedef struct {

us EPI n;

us EPQut ;

const U8 * pReport;

Ul6 NunByt esReport ;
Ul6 Buf f Si ze;

us * pBuff;

} USB_HI D_I NI T_DATA;

Structure members

Member Description
EPI n Endpoint for sending data to the host.
EPQut Endpoint for receiving data from the host.
pReport Pointer to a report descriptor.
NunByt esReport Size of the HID report descriptor in bytes.

Size of the buffer pointed to by pBuf f . Must be at least the

Buf f Si ze size of the output report.

Pointer to a buffer for receiving reports from the host via

pBUff endpoint 0 (Set _Report request).

Additional information

To be able to receive input reports from the host either an endpoint must be allocated
(EPQut ) or a buffer must be provided (BufferSize, pBuf f ). If both EPOut = 0 and BufferSize
= 0, then USBD HI D Read() will not work and all requests from the host will be stalled by
the USB stack. To receive Set Feature Report control commands the buffer is required.

pReport points to a report descriptor. A report descriptor is a structure which is used to
transmit HID control data to and from a human interface device. A report descriptor defines
the format of a report and is composed of report items that define one or more top-level
collections. Each collection defines one or more HID reports. Refer to Universal Serial Bus
Specification, 1.0 Version and the latest version of the HID Usage Tables guide for detailed
information about HID input, output and feature reports. The USB Implementers Forum
provide an application that helps to build and modify HID report descriptors. The HID
Descriptor Tool can be downloaded from: www.usb.org/developers/hidpage/. The report
descriptor used in the supplied example application HI D Echol. ¢ should match to the
requirements of most “vendor specific HID” applications.
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11.5.4 Type definitions
11.5.4.1 USB_HID_ON_GETREPORT_REQUEST_FUNC

Description
Callback function which is set via USBD _HI D_Set OnGet Report Request ().

Type definition

typedef int USB_H D_ON_GETREPORT REQUEST FUNC( USB_HI D_REPORT_TYPE Report Type,
unsi gned Report | d,
const U8 * * pDat a,
u32 * pNunByt es) ;
Parameters
Parameter Description

HID report type, possible values are:
e USB_HI D REPORT_TYPE_I NPUT

e USB_H D REPORT_TYPE_OUTPUT

e USB_H D REPORT_TYPE_FEATURE

The ID of the report for which the GET_REPCRT request has

Report Type

Reportld

been sent.
Dat a Pointer to a pointer to the data to send via GET_REPORT
P request.
oNUMByt es Number of bytes requested. Out: Number of bytes that

shall be sent.

Return value

No data available. The stack will send a zero length packet as a response.
Data is available. The stack will send data to the host.

Data is handled by user application. USBD Wit eEPOFr om SR() needs to be
called from user context.

AL
o O
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11.5.4.2 USB_HID_ON_SETREPORT_REQUEST_FUNC

Description

Callback function which is set via USBD H D Set OnSet Report Request () . The function is
called after a SET_REPORT command was sent from the host via the control endpoint. The
report should be read using USBD H D ReadReport ().

Type definition

typedef void USB_H D_ON_SETREPORT REQUEST FUNC(USB_H D _REPORT_TYPE Report Type,

unsi gned Reportld,
us2 NumByt es) ;
Parameters
Parameter Description

HID report type, possible values are:
e USB_HI D REPORT_TYPE_I NPUT

e USB_H D REPORT_TYPE_OUTPUT

e USB_H D REPORT_TYPE_FEATURE

The ID of the report for which the SET_REPCRT request has
been sent.

Report Type

Reportld

Additional information

In case no EP Out was used with the HID interface, and a USBD H D Read() or
USBD_HI D_ReadOver | apped() is currently executed, then this function is not called and the
read function is serviced instead.
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11.6 Host API

This chapter describes the functions that can be used with host side (Windows, Linux,
mac0S). These functions are only required if the emUSB-Device-HID component is used
to design a vendor specific HID.

General information

To communicate with the target USB-HID stack, the example application project includes
a USB-HID specific source and header file (USBHID.c, USBHID.h). These files contain API
functions to communicate with the USB-HID target through the host HID driver.

Purpose of the USB Host API functions

To have an easy start-up when writing an application on the host side, these API functions
have simple interfaces and handle all operations that need to be done to communicate with
the target USB-HID stack.
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11.6.1 Host API function list

Function ‘ Description

API functions

USBHI D_d ose() Close the connection to an open device.
USBH D_Open() Opens a handle to a device.

Sets the specific vendor page, initializes
USBHI D I nit() the USB HID User API and retrieves the

information of the HID device.

Closes the connection to all open devices

USBH D_Exi t () and de-initializes the HID module.

Reads an input report from device via the

USBHI D_Read() interrupt endpoint.

USBHI D Wite() Writes an output report to device.
USBHI D_Get NunmAvai | abl eDevi ces() Returns the number of available devices.
USBHI D_Get Pr oduct Name( ) Stores the name of the device into
pBuf f er .
USBHI D_Get | nput Report Si ze() Returns the input report size of the device.

USBHI D_Get Qut put Repor t Si ze() Returns the output report size of the

device.
USBHI D_Get Pr oduct | d() Returns the USB product ID of the device.
USBHI D_Get Vendor | d() Returns the USB vendor ID of the device.
USBHI D_Ref r eshLi st () Refreshes the connection info list.

Sets the vendor page so that all HID
USBHI D_Set Vendor Page() devices with the specified page will be

found.
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11.6.2 HID Host API functions

11.6.2.1 USBHID Close()

Description

Close the connection to an open device.

Prototype
voi d USBHI D_C ose(unsi gned 1d);
Parameters
Parameter Description
Ld Index of the HID device. This is the bit number of the mask
returned by USBHI D_Get NumAvai | abl eDevi ces() .
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11.6.2.2 USBHID_Open()

Description

Opens a handle to a device.

Prototype
i nt USBHI D_Open(unsi gned 1d);
Parameters
Parameter Description
Ld Index of the HID device. This is the bit number of the mask
returned by USBHI D_Get NumAvai | abl eDevi ces() .

Return value

0 0.K. Opening was successful or already opened.
1 Error. Handle to the device could not opened.
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11.6.2.3 USBHID_Init()

Description

Sets the specific vendor page, initializes the USB HID User API and retrieves the information
of the HID device.

Prototype

void USBHI D_Init(uint8_t VendorPage);

Parameters

Parameter Description

This parameter specifies the lower 8 bits of the vendor-
Vendor Page specific usage page number. It must be identical on both
device and host.
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11.6.2.4 USBHID_Exit()

Description
Closes the connection to all open devices and de-initializes the HID module.

Prototype
voi d USBHI D Exi t (voi d);
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11.6.2.5 USBHID Read()

Description

Reads an input report from device via the interrupt endpoint.

Prototype

i nt USBHI D_Read(unsi gned Id,
voi d * pBuffer,
unsi gned NumByt es) ;

Return value

On Error: -1, No valid device Id used or the report size does not match with device. On
success: Number of bytes that have be written.
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11.6.2.6 USBHID_Write()

Description

Writes an output report to device.

Prototype

int USBHI D Wite( unsi gned Id,

const void * pBuffer,
unsi gned NunByt es) ;

Return value

Host API

On Error: -1, No valid device Id used or the report size does not match with device. On

success: Number of bytes that have be written.
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11.6.2.7 USBHID_ GetNumAvailableDevices()

Description

Returns the number of available devices.

Prototype
unsi gned USBHI D_Get NunAvai | abl eDevi ces(ui nt32_t * pMask);
Parameters
Parameter Description
Vs k Pointer to unsigned integer value which is used to store the
P bit mask of available devices. This parameter may be NULL.

Return value

Number of available devices.

Additional information

pMask will be filled by this routine. It shall be interpreted as a bit mask where a bit set
means this device is available. For example, device 0 and device 2 are available, if pMask
has the value 0x00000005.
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11.6.2.8 USBHID GetProductName()

Description

Stores the name of the device into pBuffer.

Prototype

i nt USBHI D_Get Pr oduct Nanme(unsi gned Id,
char * pBuffer,
unsi gned NurmByt es) ;

Parameters
Parameter Description
Ld Index of the HID device. This is. the bit number of the mask
returned by USBHI D_Get NumAvai | abl eDevi ces() .
pBuf f er Pointer to a buffer for the product name.
NunByt es Size of the buffer in bytes.

Return value

0 An error occurred.
1 Success.
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11.6.2.9 USBHID_ GetlnputReportSize()

Description

Returns the input report size of the device.

Prototype
i nt USBHI D_Get | nput Report Si ze(unsi gned 1d);
Parameters
Parameter Description
Ld Index of the HID device. This is the bit number of the mask
returned by USBHI D_Get NumAvai | abl eDevi ces() .

Return value

=0 An error occurred.
+#0 Size of the report in bytes.
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11.6.2.10 USBHID_ GetOutputReportSize()

Description

Returns the output report size of the device.

Prototype
i nt USBHI D_Get Qut put Report Si ze(unsi gned 1d);
Parameters
Parameter Description
Ld Index of the HID device. This is the bit number of the mask
returned by USBHI D_Get NumAvai | abl eDevi ces() .

Return value

=0 An error occurred.
+#0 Size of the report in bytes.
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11.6.2.11 USBHID_ GetProductld()

Description
Returns the USB product ID of the device.

Prototype
uint16_t USBHI D_Get Product | d(unsi gned Id);
Parameters
Parameter Description
Ld Index of the HID device. This is the bit number of the mask
returned by USBHI D_Get NumAvai | abl eDevi ces() .

Return value

=0 An error occurred.
0 Product ID.
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11.6.2.12 USBHID_ GetVendorld()

Description
Returns the USB vendor ID of the device.

Prototype
uint 16_t USBHI D_Get Vendor | d(unsi gned |d);
Parameters
Parameter Description
Ld Index of the HID device. This is the bit number of the mask
returned by USBHI D_Get NumAvai | abl eDevi ces() .

Return value

=0 An error occurred.
0 Vendor ID.
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11.6.2.13 USBHID_RefreshList()

Description

Refreshes the connection info list.

Prototype
voi d USBHI D_RefreshLi st (void);

Additional information
Note that any open handles will be closed while refreshing the connection list.
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11.6.2.14 USBHID_SetVendorPage()

Description

Sets the vendor page so that all HID devices with the specified page will be found.

Prototype

voi d USBHI D_Set Vendor Page(ui nt 8_t Page);

Parameters

Parameter Description

This parameter specifies the lower 8 bits of the vendor-
Page specific usage page number. It must be identical on both
device and host.
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Printer Class

This chapter describes how to get emUSB-Device up and running as a printer device.
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12.1 Overview

The Printer Class is an abstract USB class protocol defined by the USB Implementers Forum.
This protocol delivers the existing printing command-sets to a printer over USB.

12.1.1 Configuration

The configuration section will later on be modified to match the real application. For the
purpose of getting emUSB-Device up and running as well as doing an initial test, the
configuration as delivered should not be modified.
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12.2 The example application

The start application (in the Appl i cati on subfolder) is a simple data sink, which can be
used to test emUSB-Device. The application receives data bytes from the host which it
displays in the terminal I/O window of the debugger.

Part of source code of USB_Printer.c:

<...>

/*********************************************************************
*
* _GetDeviceldString
*
*/
static const char * _GetDeviceldString(void) {
const char * s = "CLASS: PRI NTER, MODEL: HP LaserJet 6MP; "
" MANUFACTURER: Hewl et t - Packard; "
" DESCRI PTI ON: Hewl et t - Packard LaserJet 6MP Printer;"
"COWAND SET: PJL, MLC, PCLXL, PCL, POCSTSCRI PT; ";
return s;

/*********************************************************************
*
* _Get HasNoEr r or
*
*/
static U8 _GetHasNoError(void) {
return 1;

/*********************************************************************
*
* _CetlsSel ected
*
*/
static U8 _CetlsSel ected(void) {
return 1;

/*********************************************************************
*
* _Cet | sPaper Enpty
*
*/
static U8 _CetlsPaperEnpty(void) {
return O;

/*********************************************************************
*
* _OnDat aRecei ved
*
*/
static int _OnDat aRecei ved(const U3 * pData, unsigned NunBytes) {
USB_MEMCPY( _acDat a, pData, NunBytes);
_acDat a[ NunBytes] = 0;
printf(_acData);
return O;

/*********************************************************************

*

* _OnReset

*

*/

static void _OnReset(void) {
}

static USB_PRINTER_API _PrinterAPl = {
_GetDeviceldString,
_OnDat aRecei ved,
_Get HasNoError,
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_GetlsSel ected,

_Cet | sPaper Enpt y,

_OnReset
}s
/*********************************************************************
*
* Publ i c code
*

R Rk S kS O O S R O O S S O O I

*/
static const USB DEVI CE_ | NFO _Devicelnfo = {
0x8765, /1 Vendorld
0x2114, /1 Productld, should be unique for this sanple
"Vendor", /'l Vendor Nane
"Printer", /1 Product Nane
"12345678901234567890" /'l Serial Nunber
3:k********************************************************************
*
* Mai nTask
*
* Function description
* USB handl i ng task.
* Modify to inplement the desired protocol
*

~

voi d Mai nTask(void) {
USBD I nit();
USBD_Set Devi cel nf o( & Devi cel nfo);
USB_PRINTER Init(& PrinterAPl);
USBD _Start();

while (1) {
I
/1 Wait for configuration
I

while ((USBD GetState() & (USB_STAT CONFI GURED | USB_STAT SUSPENDED))
I = USB_STAT_CONFI GURED)
{

BSP_Toggl eLED 0) ;
USB_GS Del ay(50);

}

I

/'l Receive and process data.
I

USB_PRI NTER Task() ;
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12.3 Target API

Target API

This chapter describes the functions and data structures that can be used with the target

application.

12.3.1 Interface function list

Function

Description

API functions

USB_PRI NTER I nit ()

Initializes the printer module.

USB_PRI NTER Task()

Processes the requests received from the
USB Host.

USB_PRI NTER_TaskEx()

Processes the requests received from the
USB Host.

USB_PRI NTER Confi gl RQProcessi ng()

Configure printer class to process received
data in USB interrupt.

USB_PRI NTER_Read()

Reads data from the host.

USB_PRI NTER ReadTi med()

Reads data from the host with a given
timeout.

USB PRI NTER Recei ve()

Reads data from host.

USB_ PRI NTER Recei veTi ned()

Reads data from host with a given
timeout.

USB_PRI NTER Wit e()

Writes data to the host.

USB_PRI NTER Wi t eTi med()

Writes data to the host within a given
timeout.

USB PRI NTER _Set OnVendor Request ()

Sets a callback function that is called when
a setup vendor request is sent from the
host to the printer.

USB_ PRI NTER Set C ass()

Sets a custom class/subclass/protocol for
the printer class.

Data structures

USB_PRI NTER_API

Initialization structure that is needed when
adding a printer interface to emUSB-
Device.
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12.3.2 API functions

12.3.2.1 USB_PRINTER_Init()

Description

Initializes the printer module.

Prototype
voi d USB_PRI NTER_I ni t (USB_PRI NTER_API * pAPI);
Parameters
Parameter Description
API Pointer to an API table that contains all callback functions
P that are necessary for handling the functionality of a printer.

Additional information

After the initialization of general emUSB-Device, this is the first function that needs to be
called when the printer class is used with emUSB-Device.
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12.3.2.2 USB_PRINTER Task()

Description
Processes the requests received from the USB Host.

Prototype
voi d USB_PRI NTER_Task(voi d);

Additional information

This function blocks as long as the USB device is connected to USB host. It handles the
requests by calling the functions registered in the call to USB_PRI NTER | ni t () . Do not call
this function if you used USB_PRI NTER_Conf i gl RQPr ocessi ng() .
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12.3.2.3 USB_PRINTER TaskEx()

Description

Processes the requests received from the USB Host. Uses overlapped read operation for
higher performance.

Prototype
voi d USB_PRI NTER_TaskEx(voi d);

Additional information

This function blocks as long as the USB device is connected to USB host. It handles the
requests by calling the function registered in the call to USB_PRI NTER | nit ().
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12.3.2.4 USB_PRINTER_ConfigIRQProcessing()

Description

Configure printer class to process received data in USB interrupt. Must be called
after USB PRINTER Init() and before USBD Start(). After calling this function,
USB_PRI NTER Task() should never be called.

Prototype
voi d USB_PRI NTER_Confi gl RQPr ocessi ng(voi d);

Additional information

The printer API function USB_PRI NTER_API -> pf OnDat aRecei ved is called within the USB
interrupt context and must not block.
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12.3.2.5 USB_PRINTER Read()

Description

Reads data from the host.

Target API

Prototype
int USB_PRI NTER Read(void * pDat a,
unsi gned NunmByt es) ;
Parameters
Parameter Description
pDat a Pointer to a buffer where the received data will be stored.
NunByt es Number of bytes to read.

Return value

= NunByt es Success.
< NunByt es Error occurred.

Additional information

This function blocks a task until all data has been read. In case of a reset or a disconnect

USB_STATUS ERRCR is returned.
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12.3.2.6 USB_PRINTER_ReadTimed()

Description

Reads data from the host with a given timeout.

Prototype

i nt USB_PRI NTER_ReadTi med(

voi d * pDat a,
unsi gned NurByt es,
unsi gned ns) ;

Target API

Parameters
Parameter Description
pDat a Pointer to a buffer where the received data will be stored.
NunByt es Number of bytes to read.
B Timeout in milliseconds. A zero value results in an infinite
timeout.
Return value
= NunByt es Success.
> 0, < NunByt es Number of bytes that have been read within the given timeout.
<0 Error.

Additional information

This function blocks a task until all data has been read or a timeout occurs. In case of a
reset or a disconnect USB_STATUS_ ERRCR is returned.
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12.3.2.7 USB_PRINTER_Receive()

Description

Reads data from host. The function blocks until any data has been received. In contrast
to USB_PRI NTER Read() this function does not wait for all of NunByt es to be received, but
returns after the first packet has been received.

Prototype
int USB_PRI NTER _Recei ve(voi d * pDat a,
unsi gned NumByt es) ;
Parameters
Parameter Description
pDat a Pointer to a buffer where the received data will be stored.
NunByt es Number of bytes to read.

Return value

>0 Number of bytes that have been read.

=0 Zero packet received (not every controller supports this!) or the target was
disconnected during the function call.

<0 Error.

Additional information

If no error occurs, this function returns the number of bytes received. Calling
USB_PRI NTER_Recei ve() will return as much data as is currently available up to the size
of the buffer specified. This function also returns when target is disconnected from host or
when a USB reset occurred, it will then return the number of bytes read.
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12.3.2.8 USB_PRINTER_ReceiveTimed()

Description

Reads data from host with a given timeout. The function blocks until any data has been
received. In contrast to USB PRI NTER ReadTi med() this function does not wait for all of
NunByt es to be received, but returns after the first packet has been received or after the
timeout has been reached.

Prototype
int USB_PRI NTER _Recei veTi ned(voi d * pDat a,
unsi gned NunByt es,
unsi gned ns) ;
Parameters
Parameter Description
pDat a Pointer to a buffer where the received data will be stored.
NunByt es Number of bytes to read.
143 Timeout in milliseconds.

Return value

>0 Number of bytes that have been read within the given timeout.

=0 Zero packet received (not every controller supports this!) or the target was
disconnected during the function call.

<0 An error occurred.

Additional information

If no error occurs, this function returns the number of bytes received. Calling
USB_PRI NTER_Recei veTi med() will return as much data as is currently available up to the
size of the buffer specified within the specified timeout. This function also returns when
target is disconnected from host or when a USB reset occurred, it will then return the
number of bytes read.
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12.3.2.9 USB_PRINTER_Write()

Description
Writes data to the host.

Prototype
int USB_PRINTER Wite(const void * pDat a,
unsi gned NumByt es) ;
Parameters
Parameter Description
pDat a Pointer to a buffer that contains the data to be sent.
NunByt es Number of bytes to write.

Return value

=20 Number of bytes that have been written.
<0 Error.

Additional information

This function is blocking.
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12.3.2.10 USB_PRINTER_WriteTimed()

Description

Writes data to the host within a given timeout.

Prototype
int USB_PRI NTER WiteTined(const void * pDat a,
unsi gned NunByt es,
i nt ns);
Parameters
Parameter Description
pDat a Pointer to a buffer that contains the data to be sent.
NunByt es Number of bytes to write.
Timeout in milliseconds. A zero value results in an infinite
ns timeout. If s is < 0, the function does not block and may
return USB_STATUS EP_BUSY.

Return value

>0 Number of bytes that have been written before timeout.
=0 Timeout occurred.
<0 Error.

Additional information

If ns = 0, this function blocks the task until all data has been written or a timeout occurred.
In case of a reset or a disconnect USB_STATUS_ERRCR is returned.
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12.3.2.11 USB_PRINTER_SetOnVendorRequest()

Description

Sets a callback function that is called when a setup vendor request is sent from the host to
the printer. The callback must return “0” if it handled the request and “1” if it did not.

Prototype
voi d USB_PRI NTER_Set OnVendor Request (USB_ON_CLASS REQUEST * pf OnVendor Request);
Parameters
Parameter Description
pf OnVendor Request Pointer to the callback function.

Additional information

Note that the callback will be called within an ISR, therefore it should never block. If it
is necessary to send data from the callback function through endpoint 0, use the function
USBD W i t eEPOFr oml SR() .

USB_ON CLASS REQUEST is defined as follows:

typedef int USB _ON CLASS REQUEST(const USB SETUP_PACKET * pSetupPacket);
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12.3.2.12 USB_PRINTER_SetClass()

Description

Sets a custom class/subclass/protocol for the printer class. Can be used to interface with
proprietary manufacturer drivers.

Prototype
voi d USB_PRI NTER Set Cl ass(U8 d ass,
U8 Subd ass,
Us Protocol);
Parameters
Parameter Description
Cl ass USB class ID overwrite (printer class default is 0x07)
Subd ass USB sub-class ID overwrite (printer class default is 0x01)
USB protocol ID overwrite (emUSB-Device printer class
Pr ot ocol .
default is 0x02)

Additional information
This function must be called after USB_PRI NTER | ni t () and before USBD Start ().
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12.3.2.13 USB_PRINTER_API

Description

Initialization structure that is needed when adding a printer interface to emUSB-Device.
It holds pointers to callback functions the interface invokes when it processes a request
from the USB host.

Type definition

typedef struct {
USB_PRI NTER_GET_DEVI CE_| D_STRI NG * pf Get Devi cel dStri ng;
USB_PRI NTER_ON_DATA RECEI VED * pf OnDat aRecei ved;
USB_PRI NTER_GET_HAS NO ERRCR * pf Get HasNoEr ror ;
USB_PRI NTER_GET_| S_SELECTED * pf Get | sSel ect ed;
USB_PRI NTER _GET | S_PAPER EMPTY  * pf Get | sPaper Enpty;
USB_PRI NTER_ON_RESET * pf OnReset ;

} USB_PRI NTER_API ;

Structure members

Member Description

The library calls this function when the USB host requests

pf Get Devi cel dString the printer’s identification string.

pf OnDat aRecei ved This function is called when data arrives from the USB host.

This function should return a non-zero value if the printer

pf Get HasNoEr r or
has no error.

This function should return a non-zero value if the printer is

pf Get | sSel ect ed selected

This function should return a non-zero value if the printer is

pf Get | sPaper Enpt y out of paper.

The library calls this function if the USB host sends a soft

pf OnReset reset command.

Additional information
Detailed information can be found in USB_PRI NTER_API in detail on page 474.
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12.4 Printer API

This section describes the emUSB-Device Printer API in detail.

12.4.1 General information

The interface includes multiple callback functions which have to be set by the user
application. These functions are called by the emUSB-Device stack when the host makes
the corresponding enquiries.
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12.4.2 USB_PRINTER_API in detail
12.4.2.1 USB_PRINTER_GET_DEVICE_ID_STRING

Description

The library calls this function when the USB host requests the printer’s identification string.
This string shall confirm to the IEEE 1284 Device ID Syntax.

Type definition
typedef const char * USB_PRI NTER GET_DEVI CE_| D_STRI N voi d);

Return value
Pointer to the ID string.

Additional information
The return string shall confirm to the IEEE 1284 Device ID.

Example

" CLASS: PRI NTER;

MODEL: HP LaserJet 6MP;

MANUFACTURER: Hew et t - Packar d;

DESCRI PTI ON: Hewl et t - Packard LaserJet 6MP Printer;
COMVAND SET: PJL, MLC, PCLXL, PCL, POSTSCRI PT; "
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12.4.2.2 USB_PRINTER_ON_DATA_RECEIVED

Description

This function is called when data arrives from USB host.

Type definition

typedef int USB_PRI NTER_ON_DATA_ RECEI VED( const U3 * pDat a,
unsi gned NunBytes);
Parameters
Parameter Description
pDat a Pointer to the data.
NunByt es Data length.

Return value

=0 More data can be accepted
0 No more data can be accepted, in this case a stall will be sent back to the host.

emUSB-Device User Guide & Reference Manual © 2010-2026 SEGGER Microcontroller GmbH



476 CHAPTER 12 Printer API

12.4.2.3 USB_PRINTER_GET_HAS_NO_ERROR
Description
This function should return a non-zero value if the printer has no error.
Type definition
typedef U8 USB_PRI NTER GET_HAS_NO ERROR(Vvoi d);
Return value

=0 Error condition present.
*#0 No error.
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12.4.2.4 USB_PRINTER_GET_IS_SELECTED

Description

This function should return a non-zero value if the printer is selected.

Type definition

typedef U8 USB_PRI NTER GET | S_SELECTED(voi d) ;

Return value

=0 Not selected.
0 Selected.
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12.4.2.5 USB_PRINTER GET_IS_PAPER _EMPTY

Description

This function should return a non-zero value if the printer is out of paper.

Type definition

typedef U8 USB_PRI NTER GET_| S PAPER EMPTY(voi d);

Return value

=0 Has paper.
*0 Out of paper.
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12.4.2.6 USB_PRINTER_ON_RESET

Description
The library calls this function if the USB host sends a soft reset command.

Type definition
typedef void USB_PRI NTER_ON_RESET(voi d);
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Chapter 13
IP-over-USB (IP)

This chapter gives a general overview of the IP component and describes how to get the
IP component running on the target.
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13.1 Overview

The IP component is a very convenient package when you need to use IP-based protocols
over USB with different host operating systems. It consist of two different components -
RNDIS and CDC-ECM Combined with the smart capabilities of emUSB-Device-IP to form
a cross-platform USB to Ethernet device that works on every common Host OS that can
handle USB devices.
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13.2 Using only RNDIS or CDC-ECM

Main problem between different Host OSes is that either one IP-over-USB class is supported
which is then not supported on the other Host OS.

Host OS/Protocol RNDIS CDC-ECM
Windows X -
Linux X X
macOS -
Free/Net/OpenBSD X X

Linux and all BSD distribution work with any IP-over-USB interface and therefore can be
used with either RNDIS or CDC-ECM. macOS does not support RNDIS, third party tools may
work but are not fully compatible and using a new version of macOS the driver or package
may no longer work properly. Windows cannot handle CDC-ECM out-of-the-box. There
are third-party drivers which can handle this but the driver package has to be licensed.
Furthermore a new inf-file needs to be written for your device and as a consequence of
that the driver package itself needs to be certified which involves further costs. Adding new
CDC-ECM devices to the inf-file forces to resign that package once again.

SEGGER'’s IP-over-USB solution eliminates these limitations.

13.2.1 Working with emUSB-Device-IP

A IP-over-USB device connected to a PC running the Windows operating system is listed
as a separate network interface in the “"Network Connections” window as shown in this
screenshot:

o o |
@v=| & ¢ Network and Int... » Metwork Connections » - | &,| | Search Network Connections s
File Edit View Tools Advanced Help
Organize « Disable this network device Diagnose this connection bed ﬂ: - [ "@"
l:. Local Area Connection 19 l:. Local Area Connection 22
== _ Unidentified network = _ Metwork cable unplugged
@~ SEGGER ETH device #2 W~ TAP-Windows Adapter V9
l". Local Area Connection 8 L Telit_LTE
=0 _ Network - ':__ Disconnected
W~ Realtek PCle GBE Family Controller Em#® Telit LTE USE Modem #1
l". VirtualBox Host-Only Network l:. VMware Network Adapter ViMnetl
== _ Enabled = _ Enabled

@ VirtualBox Host-Only Ethernet Ad... = VMware Virtual Ethernet Adapter ...

l". VMware Network Adapter VMnetd L VPN Connection
== _ Enabled S5 Disconnected
w@= VMware Virtual Ethernet Adapter ... @2 WAN Miniport (PPTP)

8 itemns

The pi ng command line utility can be used to test the connection to target as shown below.
If the connection is correctly established the number of the lost packets should be 0.
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IC:“>ping segger.veth

Pinging segger.veth [feBB::622:c?ff:fefe:8x46]1 with 32 bytes of data:
Reply from feBB::622:c7ff:fefe 46: time<ims
46: time<{ims
Reply from feBB::622:c?ff :fefe 46: time<ims
Reply from feBB::622:cff:fefe:8x46: timedims

Ping statistics for feBB::622:c?ff:fefe-8xd6:

Packet Sent = 4, Received = 4, Lost = B {Bx loss).
Approximate round trip times in milli-seconds:

Minimum = Bms, Maximum = Bms,. Average = Bms

C:\>ping 1008.127.8.1

Pinging 1808.127.8.1 with 32 hytes of data:

Reply from 18@.127_8_1: bytes=32 time<ims TTL=64
Reply from 188.127.8.1: bytes=32 time<ims TTL=64
Reply from 18@.127_8_1: bytes=32 time<ims TTL=64
Reply from 186.127.8.1: bytes=32 time<ims TTL=64

Ping statistics for 186.127.8.1:

Packets: Sent = 4, Received = 4, Lost = 8 (Bx loss),
Approximate round trip times in milli-seconds:

Minimum = Bms, Maximum = Bms=, Average = Bms
Czs>

On macOS IP-over-USB is similarly available:

[ J < i Network Q
Location: =~ Automatic [ T

SEGGE...evice 14
<' '> Status: Connected

Connected
. SEGGER IP device 14 is currently active and
@ Wi-Fi — has the IP address 100.127.14.4.
[ Bluetooth PAN ea Configure IPv4: Using DHCP [ © ]
@ Thunde...thernet IP Address: 100.127.14.4

Subnet Mask: 255.255.255.248
° Linksys...3GIGV1
0 ected Router:

@ SEGGE...device DNS Server:

X Search Domains:
@ SEGGE..P device

° SEGGE...device 2 $
° SEGGE...device 3 (
+ | — 2w Advanced... ?

Assist Me...

And on Ubuntu:

anybody@ubuntu: ~

anybody@ubuntu:~$ ifconfig ethi

ethil

Link encap:Ethernet HWaddr 84:22:c7:fe:00:9f

inet addr:100.127.8.4 Bcast:100.127.8.7 Mask:255.255.255.248
ineté addr: feB80::3736:1b9:47cB:3d69/64 Scope:Link

UP BROADCAST RUNNING MULTICAST MTU:1486 Metric:1

RX packets:8 errors:® dropped:® overruns:@ frame:@

TX packets:65 errors:0 dropped:® overruns:® carrier:0
collisions:® txqueuelen:1000

RX bytes:1828 (1.8 KB) TX bytes:8508 (8.5 KB)

anybody@ubuntu:~$ JJ
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13.3 Configuration

13.3.1 Initial Configuration

To get emUSB-Device-IP up and running as well as doing an initial test, the configuration
as delivered should not be modified.

13.3.2 Final configuration

The configuration must only be modified when emUSB-Device-IP is used in your final
product. Refer to section emUSB-Device Configuration on page 50 to get detailed
information about the general emUSB-Device configuration functions which have to be
adapted.

Note

Due to an issue in Windows when using IP-over-USB within a multi-interface device
the IP-over-USB interface must be added first. Otherwise it will not be recognized.

Note

Due to an issue with Windows 7 USB 3.0 drivers USBD Enabl el AD() must be used,
even if the device containing the IP-over-USB interface is not a multi-interface device.
Otherwise the device will not be recognized on USB 3.0 ports of a PC running Windows
7.

13.3.3 Class specific configuration

emUSB-Device-IP specific device information must be provided by the application via
the function USBD_ | P_Add(). A sample how to use this function can be found in the
| P_Config_ I P _over USB. c. The file is located in the Sanpl e\ | P directory of the emUSB-
Device shipment. The I P_Config | P_over USB.c provides a ready to use layer and
configuration file to be used with embOS and emNet.
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13.4 Running the sample application

The sample application can be found in the Sanpl e\ | P\ I P_Confi g_I P_over _USB. c file of
the emUSB-Device shipment. In order to use the sample application the SEGGER emNet
middleware component is required. To test the emUSB-Device-IP component any of the
emNet sample applications can be used in combination with | P_Config_| P_over USB. c
. After the sample application is started the USB cable should be connected to the PC
and the chosen emNet sample can be tested by using the URL “usb.local”. The given
| P_Config_l P_over _USB. c contains furhter information how the interfaces between emNet
and Host PC are connected. In most cases a DHCP-Server for the PC is necessary. In order
to recognize the emNet interface a dedicated name service is used to fascilate the handling.
Please refer to the sample for further details.
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13.5 emUSB-Device-IP + emNet as a "USB Webserver"

This method of using emUSB-Device-IP provides a unique customer experience where a
USB device can provide a custom web page or any other service through which a customer
can interact with the device.

embOS/IP Webserver demo - Mozilla Firefox

&= embOS/IP Webserver » WEZ

€ @ | usb.local @ || Q search wBE ¥+ & S v

Simple dynamic web pages

* Form samples ("GET")

* Form samples ("POST")

* Virtual file sample

* Basic authentication sample (Liser: user| Pass: pass)
* |P Configuration

System info samples using reload

» Network statistics
» embOS statistics

System info samples using Server-Sent Events (SSE)

« System time
* Network statistics
* embOS statistics

Current page hit count: 9

' \ Back te main
/ SEGGER SEGGER Microcontroller GmbH & Co. KG || www.segger.com (extemal fink]

Initially the PC recognizes an RNDIS device. In case of Windows XP and Vista a driver will be
necessary (the corresponding inf-file can be found in the W ndows\ USB\ RNDI S\ W nXP_Vi st a
folder), Windows 7 and above as well as Linux recognize RNDIS automatically. RNDIS
from the viewpoint of the PC is a normal Network Interface Controller (NIC) and the
PC handles it as such. The default behaviour is to request an IP address from a DHCP
server. The PC retrieves an IP address from the DHCP-Server in the device. In our
standard sample code the device has the local IP 100.127.<USBAddr>.1 and the PC will
get 100.127.<USBAddr>.2 from the DHCP server. With this the configuration is complete
and the user can access the web-interface located on the USB device via the DNS entry
- “usb.local”.
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13.6 Target API

Function Description

API functions

Adds support for the IP component to USB

USBD_| P_Add() stack

USBD | P_Task() Obsolete.

Data structures

Structure which stores the parameters of

USB_I P_I NI T_DATA the IP component.
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13.6.1 APIfunctions

13.6.1.1 USBD_IP_Add()

Description

Adds support for the IP component to USB stack. Internally CDC-ECM and RNDIS is
initialized. The IP component switches automatically between the two.

Prototype
voi d USBD_| P_Add(const USB_ | P_I NI T_DATA * plnitData);
Parameters
Parameter Description
pl ni t Dat a Pointer to a filled USB_| P_I NI T_DATA structure data.
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13.6.1.2 USBD_IP_Task()

Description
Obsolete. Returns when USB is disconnected.

Prototype
voi d USBD_I P_Task(voi d);
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13.6.2 Data structures

13.6.2.1 USB_IP_INIT_DATA

Description

Structure which stores the parameters of the IP component.

Type definition

typedef struct {

us EPI n;

us EPQut ;

us EPI nt ;
const USB_|IP_NI_DRIVER APl * pDriverAPI;
USB_| P_NI _DRI VER_DATA Driver Dat a;

const USB_RNDI S_DEVI CE_I NFO * pRndi sDevl nf o;
} USB_I P_I NI T_DATA,;

Structure members

Member Description
EPI n Bulk IN endpoint to send data packets to the USB host.
EPQuL Bulk OUT endpoint to receive data packets from the USB

host.

EPI nt Interrupt IN endpoint to send notifications to the USB host.
pDri ver API Network interface driver API.
DriverData Data passed at initialization to low-level driver.
pRndi sDevl nfo Pointer to a filled USB_RNDI S_DEVI CE_| NFO structure.

Additional information

This structure holds the endpoints that should be used with the IP component. Refer to
USBD_AddEP() for more information about how to add an endpoint.
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Remote NDIS (RNDIS)

This chapter gives a general overview of the Remote Network Driver Interface Specification
class and describes how to get the RNDIS component running on the target.
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14.1 Overview

The Remote Network Driver Interface Specification (RNDIS) is a Microsoft proprietary USB
class protocol which can be used to create a virtual Ethernet connection between a USB
device and a host PC. A TCP/IP stack like emNet is required on the USB device side to
handle the actual IP communication. Any available IP protocol (UDP, TPC, FTP, HTTP, etc.)
can be used to exchange data. On a typical Cortex-M CPU running at 120 MHz, a transfer
speed of about 5MB/s can be achieved when using a high-speed USB connection.

USB RNDIS is supported by all Windows operating systems starting with Windows XP,
as well as by Linux with kernel versions newer than 2.6.34. An .inf file is required for
the installation on Microsoft Windows systems older than Windows 7. The emUSB-Device-
RNDIS package includes . i nf files for Windows versions older than Windows 7. macOS
will require a third-party driver to work with RNDIS, which can be downloaded from here:
https://joshuawise.com/horndis which will only work for certain macQOS versions.

emUSB-Device-RNDIS contains the following components:

Generic USB handling

RNDIS device class implementation

Network interface driver which uses emNet as TCP/IP stack.
A sample application demonstrating how to work with RNDIS.

14.1.1 Working with RNDIS

Any USB RNDIS device connected to a PC running the Windows operating system is listed
as a separate network interface in the “"Network Connections” window as shown in this
screenshot:

= E=h =
o — 1
@-v-ﬂ &/« MNetwork and Internet » Metwork Connections » - |+’ || Search Net.. 2
File Edit View Tools Advanced Help
Organize » Disable this network device = =~ 0 @
l: Local Area Connection ‘: Local Area Connection1
WS Network --\£I Unidentified network
W~ Intel(R) Ethernet Connection 217-V 4@~ SEGGER USE Remote NDIS Netwo...
L WMware Network Adapter VMnetl L Viware Network Adapter VMnet2
>  Disabled ~ _ Disabled
= VMware Virtual Ethernet Adapter ... @~ VMware Virtual Ethernet Adapter ...

L YMware Network Adapter YMnet3 L Viware Network Adapter VMnet8
>  Disabled ~ _ Disabled
= VMware Virtual Ethernet Adapter ... @~ VMware Virtual Ethernet Adapter ...

The pi ng command line utility can be used to test the connection to target as shown below.
If the connection is correctly established the number of the lost packets should be 0.

B Administrator: C\Windows\System32\cmd.exe E@
Microsoft Windows [Uersion 6.1.76811 -
Copyright {c> 288? Microsoft Corporation. A1l rights reserved.

c :“\Windows“\System32>ping SEGGER.RNDIS

Finging SEG [18.8.8.18]1 with 32 bhutes of data:
Reply from : byte=z=32 time<ims TTL=64
time{ims TTL=64

yt
: bhyte=z=32 time<ims TTL=64

Reply from : bytes=32 time<{ims TTL=64

Ping statistics for 10.8.8.18:
Packets: Sent = 4, Received = 4, Lost
fpproximate round trip times in milli-seco
Hinimum = Bms, Haximum = Bms=, Average

ic = “Windows“\System32>

14.1.2 Additional information

More technical details about RNDIS can be found here:

https://docs.microsoft.com/en-us/windows-hardware/drivers/network/overview-of-
remote-ndis--rndis-
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14.2 Configuration

14.2.1 Initial Configuration
To get emUSB-Device-RNDIS up and running as well as doing an initial test, the
configuration as delivered should not be modified.

14.2.2 Final configuration

The configuration must only be modified when emUSB-Device is used in your final product.
Refer to section emUSB-Device Configuration on page 50 to get detailed information about
the general emUSB-Device configuration functions which have to be adapted.

Note

Due to an issue in Windows when using RNDIS within a multi-interface device the
RNDIS interface must be added first. Otherwise it will not be recognized.

Note

Due to an issue with Windows 7 USB 3.0 drivers USBD Enabl el AD() must be used,
even if the device containing the RNDIS interface is not a multi-interface device.
Otherwise the device will not be recognized on USB 3.0 ports of a PC running Windows
7.

14.2.3 Class specific configuration

RNDIS specific device information must be provided by the application via the function
USBD _RNDI S_Set Devi cel nfo() before the USB stack is started using USBD Start(). A
sample how to use this function can be found in the | P_Confi g_RNDI S. c. The file is located
in the Sanpl e\ RNDI S directory of the emUSB-Device shipment. The | P_Confi g_RNDI S. ¢
provides a ready to use layer and configuration file to be used with embOS and emNet.
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14.3 Running the sample application

The sample application can be found in the Sanpl e\ RNDI S\ I P_Confi g_RNDI S. ¢ file of
the emUSB-Device shipment. In order to use the sample application the SEGGER emNet
middleware component is required. To test the emUSB-Device-RNDIS component any of
the emNet sample applications can be used in combination with | P_Confi g_RNDI S. c . After
the sample application is started the USB cable should be connected to the PC and the
chosen emNet sample can be tested using the appropriate methods.

14.3.1 IP_Config_RNDIS.c in detail

The main part of the sample application is implemented in the function MainTask() which
runs as an independent task.

/1 _Connect() - excerpt fromIP_Config RNDI S.c
static int _Connect(unsigned | Faceld) {

U32 Server | pAddr;

U32 Subnet Mask;

Server| pAddr = | P_BYTES2ADDR(10, 0, 0, 10);

Subnet Mask = | P_BYTES2ADDR( Oxf f, Oxf f, Oxf f, Oxf 8) ;

| P_Set Addr MaskEx( | Facel d, Server| pAddr, Subnet Mask);

| P_DHCPS_Confi gPool (I Facel d, Serverl|pAddr + 1, Subnet Mask, 4);
/1 Setup IP pool to distribute.

| P_DHCPS_Confi gDNSAddr (| Facel d, &Server| pAddr, 1);

| P_DHCPS | nit (I Faceld);

| P_DHCPS _Start (I Facel d);

| P_NETBICS_Init(lFaceld, _aNetNanmes, 0);

/1 1Init NetBICS.

| P_NETBI OS_Start (I Facel d);

/1 Start NetBI CS.

USBD I nit();

USBD_Set Devi cel nf o( &USB_Devi cel nf 0) ;

USBD_RNDI S_Set Devi cel nf o( &USB_RNDI S_Devi cel nf 0) ;

Il

/1 Al though we do not have a conposite device, we enable | AD as a workar ound
/1 for the buggy Intel USB driver on W ndows 7

Il

USBD_Enabl el AD() ;

_AddRNDI S() ;

USBD Start();

return O; /1l Successfully connected.

}

The first step is to initialize the DHCP server component which assigns the IP address to
the PC side. The target is configured with the IP address 10.0.0.10. The DHCP server is
configured to distribute IP addresses starting from 10.0.0.11, therefore the PC will receive
the IP address 10.0.0.11. Then the USB stack is initialized and the RNDIS interface is added
to it. The function _AddRNDI S() configures all required endpoints.

/1l _AddRNDI S() - excerpt from|P_Config_RND S.c
static U8 _abRecei veBuf fer[ USB_HS BULK MAX PACKET_SI ZE] ;
static void _AddRNDI S(voi d) {

USB_RNDI S | NI T_DATA I nitDat a;

nmenset (& nitData, 0, sizeof(lnitData));
| ni t Dat a. EPQut = USBD_AddEP( USB_DI R_OUT,
USB_TRANSFER_TYPE_BULK,
0,
_abRecei veBuffer, sizeof(_abReceiveBuffer));
USBD_AddEP(USB DI R I N, USB_TRANSFER TYPE_ BULK,
0, NULL, 0);
USBD_AddEP(USB DI R I N, USB_TRANSFER TYPE_I NT,
5, NULL, 0);

I nitData. EPI n

| ni t Dat a. EPI nt
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InitData. pDriverAPI = &USB Driver _|IP_N;

Running the sample application

InitData. DriverData. pDriverData = (void *)_IFacel d;

USBD_RNDI S_Add( & ni t Dat a) ;
}

The size of _acRecei veBuffer buffer must be a multiple of USB max packet size.
USB Driver | P_N is the network interface driver which implements the connection to the
IP stack. Optionally a HW address may be configured here, which is assigned to the PC
network interface. If not set (pHWAddr = NULL), the HW address is generated automatically

later while setting the interface up.

The IP stack is configured to use the network interface driver of emUSB-Device-RNDIS. For
more information about the configuration of the IP stack refer to emNet manual.

/1 1P_X Config() - excerpt fromI|P_Config.c

#include "USB Driver IP_N.h"

void | P_X Config(void) {
<...>
Il
/1 Add and configure the RNDI S driver.
/1 The local |IP address is 10.0.0.10/8.
Il

| Faceld = | P_AddEt herInterface(&USB | P_Driver);
| P_Set | FaceConnect Hook( | Facel d, _Connect);

| P_Set | FaceDi sconnect Hook( | Facel d, _Di sconnect);

_lIFaceld = | Facel d;
<...>
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14.4 RNDIS + emNet as a"USB Webserver"

This method of using RNDIS provides a unique customer experience where a USB device
can provide a custom web page or any other service through which a customer can interact

with the device.

USB stack: TCP/IP stack Applications:
emU 5B-Device embOS/IP DHCP server
+RNDIS Web server*
Telnet server®
App. specific server*
App. specific client*

Physical connection via USB

USB-Host
*Qptional

Initially the PC recognizes an RNDIS device. In case of Windows XP and Vista a driver will
be necessary, Windows 7 and above as well as Linux recognize RNDIS automatically. RNDIS
from the viewpoint of the PC is a normal Network Interface Controller (NIC) and the PC
handles it as such. The default behaviour is to request an IP address from a DHCP server.
The PC retrieves an IP address from the DHCP-Server in the device. In our standard sample
code the device has the local IP 10.0.0.10 and the PC will get 10.0.0.11 from the DHCP
server. With this the configuration is complete and the user can access the web-interface
located on the USB device via 10.0.0.10. To improve the ease-of-use NetBIOS can be used
to give the device an easily readable name.
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14.5 Target API

Function Description

API functions

Adds an RNDIS-class interface to the USB
stack.

USBD RNDI S Task() Obsolete.

USBD_RNDI S_Add()

Provides device information used during

USBD_RNDI S_Set Devi cel nf o() USB enumeration to the stack.

Data structures

Structure which stores the parameters of
the RNDIS interface.

Device information that must be provided
by the application via the function

USBD RNDI S Set Devi cel nf o() before the
USB stack is started using USBD St art ().

This structure contains the callback
functions for the network interface driver.

USB_RNDI S_I NI T_DATA

USB_RNDI S_DEVI CE_I NFO

USB_I P_NI _DRI VER_API

Configuration data passed to network

USB_I'P_NI_DRI VER DATA interface driver at initialization.
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14.5.1 APIfunctions

145.1.1 USBD_RNDIS_Add()

Description
Adds an RNDIS-class interface to the USB stack.

Prototype
voi d USBD_RNDI S_Add(const USB_RNDI S | NIl T_DATA * plnitData);
Parameters
Parameter Description
pl ni t Dat a Pointer to initialization data.

Additional information

This function should be called after the initialization of the USB core to add an RNDIS
interface to emUSB-Device. The initialization data is passed to the function in the structure
pointed to by pl ni t Dat a. Refer to USB_RNDI S_| NI T_DATA for more information.
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14.5.1.2 USBD_RNDIS_Task()

Description
Obsolete. Returns when USB is disconnected.

Prototype
voi d USBD_RNDI S_Task(voi d);
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14.5.1.3 USBD_RNDIS_SetDevicelnfo()

Description

Provides device information used during USB enumeration to the stack.

Prototype
voi d USBD_RNDI S_Set Devi cel nfo(const USB_RNDI S_DEVI CE_I NFO * pDevi cel nfo);
Parameters
Parameter Description
Pointer to a USB_RNDI S_DEVI CE_| NFO structure containing
pDevi cel nf o the device information. Must point to static data that is not
changed while the stack is running.
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14.5.2 Data structures

14.5.2.1 USB_RNDIS_INIT_DATA

Description

Structure which stores the parameters of the RNDIS interface.

Type definition

typedef struct {
us
us
us

EPI n;
EPCut ;
EPI nt ;

const USB_ | P_NI_DRI VER APl * pDriverAPI;

USB_I P_NI _DRI VER_DATA
unsi gned
} USB_RNDI S_I NI T_DATA;

Structure members

DriverDat a;
Dat al nt er f aceNo;

Member Description
EPI n Bulk IN endpoint for sending data to the host.
EPQut Bulk OUT endpoint for receiving data from the host.
EPI nt Interrupt IN endpoint for sending status information.
pDri ver API Pointer to the Network interface driver API.
DriverData Configuration data for the network interface driver.

Dat al nt er f aceNo

Internal use.

Additional information

This structure holds the endpoints that should be used by the RNDIS interface (EPin, EPCut
and EPI nt ). Refer to USBD_AddEP() for more information about how to add an endpoint.
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14.5.2.2 USB_RNDIS DEVICE_INFO

Description

Device information that must be provided by the application via the function
USBD RNDI S Set Devi cel nf o() before the USB stack is started using USBD Start ().

Type definition

typedef struct {
us2 Vendor | d;
char * sDescription;
uUl6 Dri ver Version;
} USB_RNDI S_DEVI CE_I NFO

Structure members

Member Description
A 24-bit Organizationally Unique Identifier (OUI) of the
Vendor | d vendor. This is the same value as the one stored in the first

3 bytes of a HW (MAC) address. Only the least significant 24
bits of the returned value are used.

O-terminated ASCII string describing the device. The string
is then sent to the host system.

sDescri ption

16-bit value representing the firmware version. The high-
Dri ver Ver si on order byte specifies the major version and the low-order
byte the minor version.
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14.5.3 Driver interface

14.5.3.1 USB_IP_NI_DRIVER AP

Description

CHAPTER 14

Target API

This structure contains the callback functions for the network interface driver.

Type definition

typedef struct {
USB IP N _INT
USB_| P_NI _GET_PACKET_BUFFER
USB_| P_NI _\\RI TE_PACKET
USB_| P_NI _SET_PACKET_FI LTER
USB_| P_NI _GET_LI NK_STATUS
USB_| P_NI _GET_LI NK_SPEED

pflnit;

pf Get Packet Buf f er;
pf Wit ePacket ;

pf Set Packet Fil ter;
pf Get Li nkSt at us;
pf Get Li nkSpeed,;

USB_| P_NI_GET_HWADDR
USB | P_NI _GET_STATS
USB | P_NI_GET_MIU
USB_| P_NI _RESET

USB_| P_NI_SET_WRI TE_PACKET_FUNC
USB_| P_NI _SET_REPORT_LI NKSTATE_FUNC

} USB_IP_NI_DRI VER APl ;

Structure members

pf Get HAADr ;

pf Get St at s;

pf Get MTU,

pf Reset ;

pf Set Wit ePacket Func;

pf Set Repor t Li nkst at eFunc;

L D S R I R R S I

Member

Description

pflnit

Initializes the driver.

pf Get Packet Buf f er

Returns a buffer for a data packet.

pf Wit ePacket

Delivers a data packet to target IP stack.

pf Set Packet Fi | t er

Configures the type of accepted data packets.

pf Get Li nkSt at us

Returns the status of the connection to target IP stack.

pf Get Li nkSpeed

Returns the connection speed.

pf Get HA\Addr Returns the HW address of the PC.
pf CGet St at s Returns statistical counters.
Returns the size of the largest data packet which can be
pf Get MU transferred.
pf Reset Resets the driver.

pf Set Wi t ePacket Func

Allows to change the WritePacket callback which was set by
pflnit.

pf Set Report Li nkst at eFu

n&llows to set the report link state change.

Additional information

The emUSB-Device-RNDIS/emUSB-Device-CDC-ECM component calls the functions of this
API to exchange data and status information with the IP stack running on the target.
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14.5.3.2 USB_IP_NI_DRIVER DATA

Description

Configuration data passed to network interface driver at initialization.

Type definition

typedef struct {
const U8 * pHWAddr;
unsi gned NunByt es HAADdF ;
voi d * pDriverDat a;
voi d * pUSBCont ext ;

} USB_I P_NI _DRI VER DATA,

Structure members

Member Description
Optional pointer to a HW address (or MAC address) of the
pHWAddr .
host network interface.
NunByt esHWAddr Number of bytes in the HW address. Typically 6 bytes.
pDri ver Dat a Pointer to a user context.
pUSBCont ext Internal use.

Additional information
When pHWAddr is NULL the MAC is automatically generated.
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14.6 RNDIS IP Driver

This section describes the emUSB-Device RNDIS IP stack interface in detail.

14.6.1 General information

This release comes with IP NI driver which uses emNet as the IP stack. If you are using
emNet this chapter can be ignored. This chapter is for those who wish to write their own
IP stack interface for a third-party IP stack.

The IP interface is handled through an API-table, which contains all relevant functions
necessary for read/write operations and initialization.

14.6.2 Interface function list

As described above, access to network functions is realized through an API-function table
of type USB_| P_NI _DRI VER_API . The structure is declared in USB_Driver _IP_N.h and it
is described in section Data structures on page 490
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14.6.3 USB_IP_NI_DRIVER_API in detail

14.6.3.1 USB_IP_NI_INIT

Description

Initializes the driver.

Type definition

typedef unsigned (USB_IP_NI _INIT)(const USB_|P_N DRI VER DATA * pDriver Data,
USB_| P_WRI TE_PACKET  * pfWitePacket);

Parameters
Parameter Description
pDri ver Dat a Pointer to driver configuration data.

Callback function called by the IP stack to transmit a packet

pf Wi tePacket that should be sent to the USB host.

Return value

IP NI driver instance ID.

Additional information

This function is called when the RNDIS/ECM interface is added to the USB stack. Typically
the function makes a local copy of the HW address passed in the pDri ver Dat a structure.
For more information this structure refer to USB | P_NI DRI VER DATA.
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14.6.3.2 USB_IP_NI_GET_PACKET BUFFER

Description

Returns a buffer for a data packet.

Type definition

typedef void * (USB_I P_N _GET_PACKET_BUFFER) (unsi gned Id,
unsi gned NunBytes);

Parameters

Parameter Description
Id Instance ID returned from USB IP_NI _INIT.
NunByt es Size of the requested buffer in bytes.

Return value

# NULL Pointer to allocated buffer
= NULL No buffer available

Additional information

The function should allocate a buffer of the requested size. If the buffer can not be allocated
a NULL pointer should be returned. The function is called when a data packet is received
from PC. The packet data is stored in the returned buffer.
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14.6.3.3 USB_IP_NI_WRITE_PACKET

Description

Delivers a data packet to target IP stack.

Type definition

typedef void (USB_I P_N _WRI TE_PACKET) ( unsi gned 1d,

const void * pDat a,
unsi gned NunByt es) ;

Parameters
Parameter Description
Id Instance ID returned from USB IP_NI _INIT.
pDat a Data of the received packet.
NunByt es Number of bytes stored in the buffer.

Additional information

The function is called after a data packet has been received from USB. pDat a points to the
buffer returned by the USB | P_NI _GET_PACKET_BUFFER function.
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14.6.3.4 USB_IP_NI_SET_PACKET FILTER

Description
Configures the type of accepted data packets.
Type definition

typedef void (USB I P_NI_SET_PACKET FILTER) (unsi gned Id,

u32 Mask) ;
Parameters
Parameter Description
Id Instance ID returned from USB IP_NI _INIT.
Mask Type of accepted data packets.

Additional information

The Mask parameter should be interpreted as a boolean value. A value different than 0
indicates that the connection to target IP stack should be established. When the function
is called with the Mask parameter set to 0 the connection to target IP stack should be
interrupted.

emUSB-Device User Guide & Reference Manual © 2010-2026 SEGGER Microcontroller GmbH



510 CHAPTER 14 RNDIS IP Driver

14.6.3.5 USB_IP_NI_GET_LINK_STATUS

Description

Returns the status of the connection to target IP stack.

Type definition

typedef int (USB_IP_N _GET_LI NK_STATUS) (unsigned 1d);

Parameters

Parameter Description
Id Instance ID returned from USB IP_NI _INIT.

Return value

USB_I P_NI _LI NK_STATUS_DI SCONNECTED Not connected to target IP stack.
USB_I P_NI _LI NK_STATUS_CONNECTED Connected to target IP stack.

emUSB-Device User Guide & Reference Manual © 2010-2026 SEGGER Microcontroller GmbH



511 CHAPTER 14 RNDIS IP Driver

14.6.3.6 USB_IP_NI_GET_LINK_SPEED

Description

Returns the connection speed.

Type definition

typedef U32 (USB_IP_NI _CGET_LI NK_SPEED) (unsi gned 1d);

Parameters

Parameter Description
Id Instance ID returned from USB IP_NI _INIT.

Return value

+#0 The connection speed in units of 100 bits/sec (between the USB_| P_NI module
and the target IP stack).
=0 Not connected to the target IP stack.

Additional information

In this implementation the return value is 0 when the instance | d was not found or 1000000
(100 Mbit/s).
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14.6.3.7 USB_IP_NI_GET_HWADDR

Description
Returns the HW address (MAC address) of the host network interface (PC).

Type definition

typedef void (USB_I P_N _GET_HWADDR) (unsi gned 1d,

us * pAddr,
unsi gned NunByt es);
Parameters
Parameter Description
Id Instance ID returned from USB IP_NI _INIT.
pAddr The HW address.
NunByt es Maximum number of bytes to store into pAddr .

Additional information

The returned HW address is the one passed to the driver in the call to USB_IP_NI _INIT.
Typically the HW address is 6 bytes long.
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14.6.3.8 USB_IP_NI_GET_STATS

Description

Returns statistical counters.

Type definition

typedef U32 (USB_I P_NI _GET_STATS) (unsi gned Id,

RNDIS IP Driver

i nt Type);
Parameters
Parameter Description
Id Instance ID returned from USB IP_NI _INIT.
Type The type of information requested. See table below.

Return value

Value of the requested statistical counter.

Additional information

The counters should be set to 0 when the USB_| P_NI _RESET function is called.

Permitted values for parameter Type

USB_| P_NI _STATS_CLEAR ALL_STATS

Special type which will instruct the
module to reset all statistical counters
to zero.

USB_I| P_NI _STATS WRI TE_PACKET_CK

Number of packets sent without errors
to target IP stack.

USB_I P_NI _STATS WRI TE_PACKET ERROR

Number of packets sent with errors to
target IP stack.

USB_| P_NI _STATS_READ PACKET_OK

Number of packets received without
errors from target IP stack.

USB_| P_NI _STATS_READ PACKET_ERROR

Number of packets received with
errors from target IP stack.

USB_I| P_NI _STATS_READ NO BUFFER

Number of packets received from
target IP stack but dropped.

USB_| P_NI _STATS_READ ALI GN_ERROR

Number of packets received from
target IP stack with alignment errors.

USB_I P_NI _STATS WRI TE_ONE_COLLI S| ON

Number of packets which were not
sent to target IP stack due to the
occurrence of one collision.

USB_I P_NI _STATS WRI TE_MORE_COLLI SI ONS

Number of packets which were not
sent to target IP stack due to the
occurrence of one or more collisions.
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14.6.3.9 USB_IP_NI_GET_MTU

Description

Returns the maximum transmission unit, the size of the largest data packet which can be
transferred.

Type definition

typedef U32 (USB_I P_NI _GET_MIU) (unsigned 1d);

Parameters

Parameter

Description

Id

Instance ID returned from USB IP_NI _INIT.

Return value
The MTU size in bytes. Typically 1500 bytes.
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14.6.3.10 USB_IP_NI_RESET

Description

Resets the driver.

Type definition
typedef void (USB_I P_N _RESET) (unsigned Id);

Parameters

Parameter Description
Id Instance ID returned from USB IP_NI _INIT.
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14.6.3.11 USB_IP_NI_SET WRITE_PACKET_FUNC

Description

Changes the USB | P_WRI TE_PACKET callback which was added via USB IP_N INT to a
different callback function. This function is only called by the stack when IP-over-USB is
used. It is not called when RNDIS or ECM is used standalone.

Type definition
typedef void (USB_| P_NI _SET_WRI TE_PACKET_FUNC)

(unsi gned Id,
USB_| P_WRI TE_PACKET * pfWitePacket);

Parameters
Parameter Description
Id Instance ID returned from USB IP_NI _INIT.
fWitePacket Callback function called by the IP stack to transmit a packet
P that should be sent to the USB host.
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14.6.3.12 USB_IP_NI_SET_REPORT LINKSTATE_FUNC

Description

Changes the USB | P_REPORT_ LI NKSTATE callback. Normally this is called only once per
initialization in order to allow to send notification to the host that the link state has been

changed.

Type definition

typedef void (USB | P_NI _SET_REPORT LI NKSTATE_FUNC)

(unsi gned Id,
USB_| P_REPORT_LI NKSTATE * pf ReportLi nkState);
Parameters
Parameter Description
Id Instance ID returned from USB IP_NI _INIT.

pf Report Li nkSt at e

Callback function called by the IP stack to notify the host
that the link state has been changed.
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Chapter 15
CDC-ECM

This chapter gives a general overview of the Communications Device Class / Ethernet
Control Model class and describes how to get the ECM component running on the target.
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15.1 Overview

The Communications Device Class / Ethernet Control Model is a USB class protocol of
the USB Implementers Forum which can be used to create a virtual Ethernet connection
between a USB device and a host PC. A TCP/IP stack like emNet is required on the USB
device side to handle the actual IP communication. Any available IP protocol (UDP, TPC,

CHAPTER 15

FTP, HTTP, etc.) can be used to exchange data.

USB ECM is supported by the Linux operating system. To use it on Windows, a third party
driver (not contained in emUSB-Device-ECM) has to be installed on the Windows system.

emUSB-Device-ECM contains the following components:

Generic USB handling

ECM device class implementation
Network interface driver which uses emNet as TCP/IP stack.
A sample application demonstrating how to work with ECM.

15.1.1 Working with CDC-ECM

Any USB ECM device connected to a PC running the Windows operating system (with a third-
party CDC-ECM driver installed) is listed as a separate network interface in the “"Network

Connections” window as shown in this screenshot:

File Edit View Tools

Control Panel Home

Change adapter settings

Change advanced sharing
settings

See also

The pi ng command line utility can be used to test the connection to target as shown below.
If the connection is correctly established the number of the lost packets should be 0. The

Help

@let‘: v Control Panel » All Control Panel Items » MNetwork and Sharing Center

View your basic network information and set up connections

L™

—

CIDES
(This computer)

View your active networks

8

Network

Work network

5.

Multiple networks

Access type:

Connections: [

Access type:

Connections:

'::' Local Area Connection 3 Status

General

¢y Network Connection Details

Networke Connection Details:

Property

Connection-specfic DN

Diescription

Physical Address

DHCP Enabled

IPv4 Address

IPv4 Subnet Mask

Lease Obtained

Lease Expires

|Pvd Default Gateway

IPv4 DHCP Server

IPvd DNS Server

IPvd WINS Server

NetBIOS over Tepip En...

[ Link-ocal IPvE Address
|PvE Default Gateway

IPv6 DNS Server

Value

SEGGER ECM Device
00-22-C7-FF-FF-F3

Yes

10.0.0.11

255.255.00

09 March, 2016 13:27:38
09 March, 2016 15:27.37

10.0.0.10
10.0.0.10

Yes
fe80::15a8:6210:5d 2 .dd71%23

Close

@ See full map

Internet
Connect or disconnect

Internet
Local Area Connection

w

Mo Internet access

cal Area Connection 3
are Network Adapter
etl

are Network Adapter
etd

are Metwork Adapter
et3

are Metwork Adapter

ion; or set up a router or access point,

ork connection.

or change sharing settings.

b information.

following screenshot shows a manual configuration and ping on Linux.
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e0a

# 1
# ls -d /syssclass/nets/*

fayssoclasssnet/ens33 Ssyssclass/netlenxQ0Z2c7PAFF3 /sysiclass net/lo
# ifconfig enx00ZZ2c?7HFHFF3 10.0.0.1 up

# ping 10.0.0.10

PING 10.0.0.10 (10.0.0.10) 56(84) bytes of data.

64 bytes from 10.0.0.10: icmp_seg=1 ttl=64 time=166 ms

64 bytes from 10.0.0.10: icmp_seg=2 ttl=64 time=Z.Z7 ms

64 bytes from 10.0.0.10: icmp_seg=3 ttl=64 time=1.Z7 ms

“H

——— 10.0.0.10 ping statistics ——

3 packets transmitted, 3 received, 0% packet loss, time Z00Zms

Pti mindavg/max/mdev = 1.279/56.840/166.964/77.870 ms

" M

15.1.2 Additional information

More technical details about CDC-ECM can be found on https://www.usb.org in the Class
definitions for Communication Devices 1.2 package: CDC Subclass for Ethernet Control
Model Devices.
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15.2 Configuration

15.2.1 Initial configuration

To get emUSB-Device-ECM up and running as well as doing an initial test, the configuration
as delivered should not be modified. When using on Windows with a third party driver, the
vendor id and product id must match the ids configured in the . i nf file of the driver.

15.2.2 Final configuration

The configuration must only be modified when emUSB-Device is used in your final product.
Refer to section emUSB-Device Configuration on page 50 to get detailed information about
the general emUSB-Device configuration functions which have to be adapted.
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15.3 Running the sample application

The sample application can be found in the Sanpl e\ ECM | P_Confi g ECM c file of the
emUSB-Device shipment. In order to use the sample application the SEGGER emNet
middleware component is required. To test the emUSB-Device-ECM component any of the
emNet sample applications can be used in combination with | P_Confi g_ECM c. After the
sample application is started the USB cable should be connected to the PC and the chosen
emNet sample can be tested using the appropriate methods.

15.3.1 IP_Config_ECM.c in detail

The main part of the sample application is implemented in the function Mai nTask() which
runs as an independent task.

/1l _Connect() - excerpt fromI|P_Config ECMc
static int _Connect(unsigned | Faceld) {
U32 Server = | P_BYTES2ADDR(10, 0, 0, 10);
| P_DHCPS_Confi gPool (I Facel d, | P_BYTES2ADDR(10, 0O, O, 11), OxFFO00000, 20);
| P_DHCPS_Confi gDNSAddr (| Facel d, &Server, 1);
| P_DHCPS | nit (I Faceld);
| P_DHCPS _Start (I Facel d);

USBD I nit();

USBD_Set Devi cel nf o( &USB_Devi cel nf 0) ;

_AddECM) ;

USBD Start();

return O; /1l Successfully connected.

}

The first step is to initialize the DHCP server component which assigns the IP address for
the PC side. The target is configured with the IP address 10.0.0.10. The DHCP server is
configured to distribute IP addresses starting from 10.0.0.11, therefore the PC will receive
the IP address 10.0.0.11. Then the USB stack is initialized and the ECM interface is added to
it. The function _AddECM ) configures all required endpoints and configures the HW address
of the PC network interface.

/1 _AddECM) - excerpt from|P_Config ECMc
static U8 _abRecei veBuf fer[ USB_HS BULK MAX PACKET_SI ZE] ;
static void _AddECM void) {
USB_ECM | Nl T_DATA | ni t Dat a;
| ni t Dat a. EPQut = USBD_AddEP( USB_DI R_OUT,
USB_TRANSFER_TYPE_BULK,
0,
_abRecei veBuffer, sizeof(_abReceiveBuffer));

| ni t Dat a. EPI n USBD_AddEP(USB_DI R I N, USB_TRANSFER TYPE BULK,

0, NULL, 0);
| ni t Dat a. EPI nt = USBD_AddEP(USB DI R I N, USB_TRANSFER TYPE_| NT,
32, NULL, 0);
InitData. pDriverAPI = &USB Driver _|P_N;
InitData. DriverData. pDriverData = (void *)_IFaceld;
#if 0
I nitData. DriverData. pHWAdr = "\ x00\ x22\ xC7\ xFF\ xFF\ xF3";
I nitData.DriverData. NunByt esHWddr = 6;
#endi f
USBD_ECM Add( & ni t Dat a) ;
}

The size of _acReceiveBuffer buffer must be a multiple of USB max packet size.
USB Driver | P_N is the network interface driver which implements the connection to the
IP stack. Optionally a HW address may be configured here, which is assigned to the PC
network interface. If not set (pHWAddr = NULL), the HW address is generated automatically
later while setting the interface up.

The IP stack is configured to use the network interface driver of emUSB-Device-ECM. For
more information about the configuration of the IP stack refer to emNet manual.

emUSB-Device User Guide & Reference Manual © 2010-2026 SEGGER Microcontroller GmbH



523 CHAPTER 15 Running the sample application

/'l 1P_X _Config() - excerpt froml|P_Config.c
#include "USB Driver |P_N.h"
void I P_X Config(void) {
<...>
/1
/1 Add and configure the ECM driver.
/'l The local |P address is 10.0.0.10/8.
/1
| Faceld = | P_AddEt herInterface(&USB | P_Driver);
| P_Set Addr Mask( OXxOA00000A, O0xFF000000);
| P_Set | FaceConnect Hook( | Facel d, _Connect);
| P_Set | FaceDi sconnect Hook( | Facel d, _Di sconnect);
_lIFaceld = | Facel d;
<...>
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15.4 Target API

Function Description
API functions

Adds an ECM-class interface to the USB
stack.

USBD_ECM Task() Obsolete.
Data structures

USBD_ECM Add()

USB_ECM | NI T_DATA Initialization data for ECM interface.

This structure contains the callback
functions for the network interface driver.

USB_I P_NI _DRI VER_API

Configuration data passed to network

USB_I'P_NI_DRI'VER_DATA interface driver at initialization.
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15.4.1 APIfunctions

15.4.1.1 USBD_ECM_Add()

Description
Adds an ECM-class interface to the USB stack.

Prototype
voi d USBD_ECM Add(const USB_ECM | NIl T_DATA * plnitData);
Parameters
Parameter Description
pl ni t Dat a Pointer to a USB_ECM | NI T_DATA structure.

Additional information

This function should be called after the initialization of the USB core to add an ECM interface
to emUSB-Device. The initialization data is passed to the function in the structure pointed
to by pl ni t Dat a. Refer to USB_ECM | NI T_DATA for more information.
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15.4.1.2 USBD_ECM_Task()

Description
Obsolete. Returns when USB is disconnected.

Prototype
voi d USBD_ECM Task(voi d);
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15.4.2 Data structures

15.4.2.1 USB_ECM_INIT_DATA

Description

Initialization data for ECM interface.

Type definition

typedef xxx {

us EPI n;

us EPCut ;

us EPI nt ;

const USB_| P_NI_DRIVER APl * pDriverAPl;
USB_| P_NI _DRI VER _DATA Dri ver Dat a;

unsi gned Dat al nt er f aceNo;

} USB_ECM | NI T_DATA;

Structure members

Member Description
EPI n Bulk IN endpoint for sending data to the host.
Bulk OUT endpoint for receiving data from the host. The
EPQut buffer associated to this endpoint must be big enough to

hold a complete IP packet.

EPI nt Interrupt IN endpoint for sending status information.

Pointer to the Network interface driver API. See

pDriver AP USB | P_NI DRI VER API .
DriverData Configuration data for the network interface driver.
Dat al nt er f aceNo Internal use.

Additional information

This structure holds the endpoints that should be used by the ECM interface (EPI n, EPCut
and EPI nt ). Refer to USBD_AddEP() for more information about how to add an endpoint.
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15.4.3 Driver interface

15.4.3.1 USB_IP_NI_DRIVER AP

Description

CHAPTER 15

Target API

This structure contains the callback functions for the network interface driver.

Type definition

typedef struct {
USB IP N _INT
USB_| P_NI _GET_PACKET_BUFFER
USB_| P_NI _\\RI TE_PACKET
USB_| P_NI _SET_PACKET_FI LTER
USB_| P_NI _GET_LI NK_STATUS
USB_| P_NI _GET_LI NK_SPEED

pflnit;

pf Get Packet Buf f er;
pf Wit ePacket ;

pf Set Packet Fil ter;
pf Get Li nkSt at us;
pf Get Li nkSpeed,;

USB_| P_NI_GET_HWADDR
USB | P_NI _GET_STATS
USB | P_NI_GET_MIU
USB_| P_NI _RESET

USB_| P_NI_SET_WRI TE_PACKET_FUNC
USB_| P_NI _SET_REPORT_LI NKSTATE_FUNC

} USB_IP_NI_DRI VER APl ;

Structure members

pf Get HAADr ;

pf Get St at s;

pf Get MTU,

pf Reset ;

pf Set Wit ePacket Func;

pf Set Repor t Li nkst at eFunc;

L D S R I R R S I

Member

Description

pflnit

Initializes the driver.

pf Get Packet Buf f er

Returns a buffer for a data packet.

pf Wit ePacket

Delivers a data packet to target IP stack.

pf Set Packet Fi | t er

Configures the type of accepted data packets.

pf Get Li nkSt at us

Returns the status of the connection to target IP stack.

pf Get Li nkSpeed

Returns the connection speed.

pf Get HA\Addr Returns the HW address of the PC.
pf CGet St at s Returns statistical counters.
Returns the size of the largest data packet which can be
pf Get MU transferred.
pf Reset Resets the driver.

pf Set Wi t ePacket Func

Allows to change the WritePacket callback which was set by
pflnit.

pf Set Report Li nkst at eFu

n&llows to set the report link state change.

Additional information

The emUSB-Device-RNDIS/emUSB-Device-CDC-ECM component calls the functions of this
API to exchange data and status information with the IP stack running on the target.
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15.4.3.2 USB_IP_NI_DRIVER DATA

Description

Configuration data passed to network interface driver at initialization.

Type definition

typedef struct {
const U8 * pHWAddr;
unsi gned NunByt es HAADdF ;
voi d * pDriverDat a;
voi d * pUSBCont ext ;

} USB_I P_NI _DRI VER DATA,

Structure members

Member Description
Optional pointer to a HW address (or MAC address) of the
pHWAddr .
host network interface.
NunByt esHWAddr Number of bytes in the HW address. Typically 6 bytes.
pDri ver Dat a Pointer to a user context.
pUSBCont ext Internal use.

Additional information
When pHWAddr is NULL the MAC is automatically generated.
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15.5 CDC-ECM IP Driver

This section describes the emUSB-Device CDC-ECM IP stack interface in detail.

15.5.1 General information

This release comes with IP NI driver which uses emNet as the IP stack. If you are using
emNet this chapter can be ignored. This chapter is for those who wish to write their own
IP stack interface for a third-party IP stack.

The IP interface is handled through an API-table, which contains all relevant functions
necessary for read/write operations and initialization.

15.5.2 Interface function list

As described above, access to network functions is realized through an API-function table
of type USB_| P_NI _DRI VER_API . The structure is declared in USB_Driver _IP_N.h and it
is described in section Data structures on page 490
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15.5.3 USB_IP_NI_DRIVER_API in detail

15.5.3.1 USB_IP_NL_INIT

Description

Initializes the driver.

Type definition

typedef unsigned (USB_IP_NI _INIT)(const USB_|P_N DRI VER DATA * pDriver Data,
USB_| P_WRI TE_PACKET  * pfWitePacket);

Parameters
Parameter Description
pDri ver Dat a Pointer to driver configuration data.

Callback function called by the IP stack to transmit a packet

pf Wi tePacket that should be sent to the USB host.

Return value

IP NI driver instance ID.

Additional information

This function is called when the RNDIS/ECM interface is added to the USB stack. Typically
the function makes a local copy of the HW address passed in the pDri ver Dat a structure.
For more information this structure refer to USB | P_NI DRI VER DATA.
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15.5.3.2 USB_IP_NI_GET_PACKET BUFFER

Description

Returns a buffer for a data packet.

Type definition

typedef void * (USB_I P_N _GET_PACKET_BUFFER) (unsi gned Id,
unsi gned NunBytes);

Parameters

Parameter Description
Id Instance ID returned from USB IP_NI _INIT.
NunByt es Size of the requested buffer in bytes.

Return value

# NULL Pointer to allocated buffer
= NULL No buffer available

Additional information

The function should allocate a buffer of the requested size. If the buffer can not be allocated
a NULL pointer should be returned. The function is called when a data packet is received
from PC. The packet data is stored in the returned buffer.
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15.5.3.3 USB_IP_NI_WRITE_PACKET

Description

Delivers a data packet to target IP stack.

Type definition

typedef void (USB_I P_N _WRI TE_PACKET) ( unsi gned 1d,

const void * pDat a,
unsi gned NunByt es) ;

Parameters
Parameter Description
Id Instance ID returned from USB IP_NI _INIT.
pDat a Data of the received packet.
NunByt es Number of bytes stored in the buffer.

Additional information

The function is called after a data packet has been received from USB. pDat a points to the
buffer returned by the USB | P_NI _GET_PACKET_BUFFER function.
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15.5.3.4 USB_IP_NI_SET_PACKET FILTER

Description
Configures the type of accepted data packets.
Type definition

typedef void (USB I P_NI_SET_PACKET FILTER) (unsi gned Id,

u32 Mask) ;
Parameters
Parameter Description
Id Instance ID returned from USB IP_NI _INIT.
Mask Type of accepted data packets.

Additional information

The Mask parameter should be interpreted as a boolean value. A value different than 0
indicates that the connection to target IP stack should be established. When the function
is called with the Mask parameter set to 0 the connection to target IP stack should be
interrupted.
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15.5.3.5 USB_IP_NI_GET_LINK_STATUS

Description

Returns the status of the connection to target IP stack.

Type definition

typedef int (USB_IP_N _GET_LI NK_STATUS) (unsigned 1d);

Parameters

Parameter Description
Id Instance ID returned from USB IP_NI _INIT.

Return value

USB_I P_NI _LI NK_STATUS_DI SCONNECTED Not connected to target IP stack.
USB_I P_NI _LI NK_STATUS_CONNECTED Connected to target IP stack.
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15.5.3.6 USB_IP_NI_GET_LINK_SPEED

Description

Returns the connection speed.

Type definition

typedef U32 (USB_IP_NI _CGET_LI NK_SPEED) (unsi gned 1d);

Parameters

Parameter Description
Id Instance ID returned from USB IP_NI _INIT.

Return value

+#0 The connection speed in units of 100 bits/sec (between the USB_| P_NI module
and the target IP stack).
=0 Not connected to the target IP stack.

Additional information

In this implementation the return value is 0 when the instance | d was not found or 1000000
(100 Mbit/s).
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15.5.3.7 USB_IP_NI_GET_HWADDR

Description
Returns the HW address (MAC address) of the host network interface (PC).

Type definition

typedef void (USB_I P_N _GET_HWADDR) (unsi gned 1d,

us * pAddr,
unsi gned NunByt es);
Parameters
Parameter Description
Id Instance ID returned from USB IP_NI _INIT.
pAddr The HW address.
NunByt es Maximum number of bytes to store into pAddr .

Additional information

The returned HW address is the one passed to the driver in the call to USB_IP_NI _INIT.
Typically the HW address is 6 bytes long.
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15.5.3.8 USB_IP_NI_GET_STATS

Description

Returns statistical counters.

Type definition

typedef U32 (USB_I P_NI _GET_STATS) (unsi gned Id,

CDC-ECM IP Driver

i nt Type);
Parameters
Parameter Description
Id Instance ID returned from USB IP_NI _INIT.
Type The type of information requested. See table below.

Return value

Value of the requested statistical counter.

Additional information

The counters should be set to 0 when the USB_| P_NI _RESET function is called.

Permitted values for parameter Type

USB_| P_NI _STATS_CLEAR ALL_STATS

Special type which will instruct the
module to reset all statistical counters
to zero.

USB_I| P_NI _STATS WRI TE_PACKET_CK

Number of packets sent without errors
to target IP stack.

USB_I P_NI _STATS WRI TE_PACKET ERROR

Number of packets sent with errors to
target IP stack.

USB_| P_NI _STATS_READ PACKET_OK

Number of packets received without
errors from target IP stack.

USB_| P_NI _STATS_READ PACKET_ERROR

Number of packets received with
errors from target IP stack.

USB_I| P_NI _STATS_READ NO BUFFER

Number of packets received from
target IP stack but dropped.

USB_| P_NI _STATS_READ ALI GN_ERROR

Number of packets received from
target IP stack with alignment errors.

USB_I P_NI _STATS WRI TE_ONE_COLLI S| ON

Number of packets which were not
sent to target IP stack due to the
occurrence of one collision.

USB_I P_NI _STATS WRI TE_MORE_COLLI SI ONS

Number of packets which were not
sent to target IP stack due to the
occurrence of one or more collisions.
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15.5.3.9 USB_IP_NI_GET_MTU

Description

Returns the maximum transmission unit, the size of the largest data packet which can be
transferred.

Type definition

typedef U32 (USB_I P_NI _GET_MIU) (unsigned 1d);

Parameters

Parameter

Description

Id

Instance ID returned from USB IP_NI _INIT.

Return value
The MTU size in bytes. Typically 1500 bytes.
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15.5.3.10 USB_IP_NI_RESET

Description

Resets the driver.

Type definition
typedef void (USB_I P_N _RESET) (unsigned Id);

Parameters

Parameter Description
Id Instance ID returned from USB IP_NI _INIT.
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15.5.3.11 USB_IP_NI_SET_WRITE_PACKET_FUNC

Description

Changes the USB | P_WRI TE_PACKET callback which was added via USB IP_N INT to a
different callback function. This function is only called by the stack when IP-over-USB is
used. It is not called when RNDIS or ECM is used standalone.

Type definition
typedef void (USB_| P_NI _SET_WRI TE_PACKET_FUNC)

(unsi gned Id,
USB_| P_WRI TE_PACKET * pfWitePacket);

Parameters
Parameter Description
Id Instance ID returned from USB IP_NI _INIT.
fWitePacket Callback function called by the IP stack to transmit a packet
P that should be sent to the USB host.
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15.5.3.12 USB_IP_NI_SET_REPORT_LINKSTATE_FUNC

Description

Changes the USB | P_REPORT_ LI NKSTATE callback. Normally this is called only once per
initialization in order to allow to send notification to the host that the link state has been

changed.

Type definition

typedef void (USB | P_NI _SET_REPORT LI NKSTATE_FUNC)

(unsi gned Id,
USB_| P_REPORT_LI NKSTATE * pf ReportLi nkState);
Parameters
Parameter Description
Id Instance ID returned from USB IP_NI _INIT.

pf Report Li nkSt at e

Callback function called by the IP stack to notify the host
that the link state has been changed.
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CDC-NCM

This chapter gives a general overview of the Communications Device Class / Network
Control Model class and describes how to get the NCM component running on the target.
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16.1 Overview

The Communications Device Class / Network Control Model is a USB class protocol of
the USB Implementers Forum which can be used to create a virtual Ethernet connection
between a USB device and a host PC. A TCP/IP stack like emNet is required on the USB
device side to handle the actual IP communication. Any available IP protocol (UDP, TPC,
FTP, HTTP, etc.) can be used to exchange data.

USB CDC-NCM is supported by the Linux (kernel > 2.6.38), macOS and Windows 10
(starting with build 18362 from May 2019) operating systems out of the box. To use it on
old Windows versions, a third party driver (not contained in emUSB-Device-NCM) has to
be installed on the Windows system.

emUSB-Device-NCM contains the following components:

Generic USB handling

NCM device class implementation

Network interface driver which uses emNet as TCP/IP stack.
A sample application demonstrating how to work with NCM.

16.1.1 Working with CDC-NCM

The pi ng command line utility can be used to test the connection to target. If the connection
is correctly established the number of the lost packets should be 0.

16.1.2 Additional information

More technical details about CDC-NCM can be found on https://www.usb.org in the Network
Control Model Devices Specification v1.0 and errata and Adopters Agreement package.
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16.2 Configuration

16.2.1 Initial configuration

To get emUSB-Device-NCM up and running as well as doing an initial test, the configuration
as delivered should not be modified. When using on old versions of Windows with a third
party driver, the vendor id and product id must match the ids configured in the . i nf file
of the driver.

16.2.2 Final configuration

The configuration must only be modified when emUSB-Device is used in your final product.
Refer to section emUSB-Device Configuration on page 50 to get detailed information about
the general emUSB-Device configuration functions which have to be adapted.
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16.3 Running the sample application

The sample application can be found in the Sanpl e\ NCM | P_Confi g_NCM c file of the
emUSB-Device shipment. In order to use the sample application the SEGGER emNet
middleware component is required. To test the emUSB-Device-NCM component any of the
emNet sample applications can be used in combination with | P_Confi g_NCM c. After the
sample application is started the USB cable should be connected to the PC and the chosen
emNet sample can be tested using the appropriate methods.

16.3.1 IP_Config_NCM.c in detail

The main part of the sample application is implemented in the function Mai nTask() which
runs as an independent task.

/1l _Connect() - excerpt fromIP_Config NCM c
static int _Connect(unsigned | Faceld) {
U32 Server = | P_BYTES2ADDR(10, 0, 0, 10);
| P_DHCPS_Confi gPool (I Facel d, | P_BYTES2ADDR(10, 0O, O, 11), OxFFO00000, 20);
| P_DHCPS_Confi gDNSAddr (| Facel d, &Server, 1);
| P_DHCPS | nit (I Faceld);
| P_DHCPS _Start (I Facel d);

USBD I nit();

USBD_Set Devi cel nf o( &USB_Devi cel nf 0) ;

_AddNCM ) ;

USBD Start();

return O; /1l Successfully connected.

}

The first step is to initialize the DHCP server component which assigns the IP address for
the PC side. The target is configured with the IP address 10.0.0.10. The DHCP server is
configured to distribute IP addresses starting from 10.0.0.11, therefore the PC will receive
the IP address 10.0.0.11. Then the USB stack is initialized and the NCM interface is added to
it. The function _AddNCM ) configures all required endpoints and configures the HW address
of the PC network interface.

/1 _AddNCM) - excerpt from | P_Config NCMc
static U8 _abRecei veBuf fer[ USB_HS BULK MAX PACKET_SI ZE] ;
static void _AddNCM voi d) {
USB_NCM | NI T_DATA | ni t Dat a;
| ni t Dat a. EPQut = USBD_AddEP( USB_DI R_OUT,
USB_TRANSFER_TYPE_BULK,
0,
_abRecei veBuffer, sizeof(_abReceiveBuffer));

| ni t Dat a. EPI n USBD_AddEP(USB_DI R I N, USB_TRANSFER TYPE BULK,

0, NULL, 0);

| ni t Dat a. EPI nt = USBD_AddEP(USB DI R I N, USB_TRANSFER TYPE_| NT,
32, NULL, 0);

InitData. pDriverAPI = &USB Driver _|P_N;

InitData. DriverData. pDriverData = (void *)_IFaceld;

USBD_NCM Add( & ni t Dat a) ;
}

The size of _acRecei veBuffer buffer must be a multiple of USB max packet size.
USB Driver | P_N is the network interface driver which implements the connection to the
IP stack. Optionally a HW address may be configured here, which is assigned to the PC
network interface. If not set (pHWAddr = NULL), the HW address is generated automatically
later while setting the interface up.

The IP stack is configured to use the network interface driver of emUSB-Device-NCM. For
more information about the configuration of the IP stack refer to emNet manual.

/1 1P_X Config() - excerpt fromI|P_Config.c
#include "USB Driver IP_N.h"
void I P_X Config(void) {
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<...>

Il

/1 Add and configure the NCM dri ver.

/'l The local |IP address is 10.0.0.10/8.

Il

| Faceld = | P_AddEt herInterface(&USB | P_Driver);
| P_Set Addr Mask( OxOAOO000A, OxFF000000) ;

| P_Set | FaceConnect Hook( | Facel d, _Connect);

| P_Set | FaceDi sconnect Hook( | Facel d, _Di sconnect);

_lIFaceld = | Facel d;

<...>
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16.4 Target API

Function Description
API functions

Adds an NCM-class interface to the USB
stack.

USBD_NCM Add( )

Data structures

USB_NCM | NI T_DATA Initialization data for NCM interface.

This structure contains the callback
functions for the network interface driver.

USB_I| P_NI _DRI VER AP

Configuration data passed to network

USB_I'P_NI_DRI VER_DATA interface driver at initialization.
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16.4.1 APIfunctions

16.4.1.1 USBD_NCM_Add()

Description
Adds an NCM-class interface to the USB stack.

Prototype
voi d USBD_NCM Add(const USB_NCM | NIl T_DATA * plnitData);
Parameters
Parameter Description
pl ni t Dat a Pointer to a USB_NCM | NI T_DATA structure.

Additional information

This function should be called after the initialization of the USB core to add an NCM interface
to emUSB-Device. The initialization data is passed to the function in the structure pointed
to by pl ni t Dat a. Refer to USB_NCM | NI T_DATA for more information.
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16.4.2 Data structures

16.4.2.1 USB_NCM_INIT_DATA

Description

Initialization data for NCM interface.

Type definition

typedef xxx {

us EPI n;

us EPCut ;

us EPI nt ;

const USB_| P_NI_DRIVER APl * pDriverAPl;
USB_| P_NI _DRI VER _DATA Dri ver Dat a;

unsi gned Dat al nt er f aceNo;

} USB_NCM | NI T_DATA;

Structure members

Member Description
EPI n Bulk IN endpoint for sending data to the host.
Bulk OUT endpoint for receiving data from the host. The
EPQut buffer associated to this endpoint must be big enough to
hold a complete IP packet.
EPI nt Interrupt IN endpoint for sending status information.

Pointer to the Network interface driver API. See

pDriver AP USB_ | P_NI_DRI VER API .
DriverData Configuration data for the network interface driver.
Dat al nt er f aceNo Internal use.

Additional information

This structure holds the endpoints that should be used by the NCM interface (EPI n, EPCut
and EPI nt ). Refer to USBD_AddEP() for more information about how to add an endpoint.
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16.4.3 Driver interface

16.4.3.1 USB_IP_NI_DRIVER AP

Description

CHAPTER 16

Target API

This structure contains the callback functions for the network interface driver.

Type definition

typedef struct {
USB IP N _INT
USB_| P_NI _GET_PACKET_BUFFER
USB_| P_NI _\\RI TE_PACKET
USB_| P_NI _SET_PACKET_FI LTER
USB_| P_NI _GET_LI NK_STATUS
USB_| P_NI _GET_LI NK_SPEED

pflnit;

pf Get Packet Buf f er;
pf Wit ePacket ;

pf Set Packet Fil ter;
pf Get Li nkSt at us;
pf Get Li nkSpeed,;

USB_| P_NI_GET_HWADDR
USB | P_NI _GET_STATS
USB | P_NI_GET_MIU
USB_| P_NI _RESET

USB_| P_NI_SET_WRI TE_PACKET_FUNC
USB_| P_NI _SET_REPORT_LI NKSTATE_FUNC

} USB_IP_NI_DRI VER APl ;

Structure members

pf Get HAADr ;

pf Get St at s;

pf Get MTU,

pf Reset ;

pf Set Wit ePacket Func;

pf Set Repor t Li nkst at eFunc;

L D S R I R R S I

Member

Description

pflnit

Initializes the driver.

pf Get Packet Buf f er

Returns a buffer for a data packet.

pf Wit ePacket

Delivers a data packet to target IP stack.

pf Set Packet Fi | t er

Configures the type of accepted data packets.

pf Get Li nkSt at us

Returns the status of the connection to target IP stack.

pf Get Li nkSpeed

Returns the connection speed.

pf Get HA\Addr Returns the HW address of the PC.
pf CGet St at s Returns statistical counters.
Returns the size of the largest data packet which can be
pf Get MU transferred.
pf Reset Resets the driver.

pf Set Wi t ePacket Func

Allows to change the WritePacket callback which was set by
pflnit.

pf Set Report Li nkst at eFu

n&llows to set the report link state change.

Additional information

The emUSB-Device-RNDIS/emUSB-Device-CDC-ECM component calls the functions of this
API to exchange data and status information with the IP stack running on the target.
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16.4.3.2 USB_IP_NI_DRIVER DATA

Description

Configuration data passed to network interface driver at initialization.

Type definition

typedef struct {
const U8 * pHWAddr;
unsi gned NunByt es HAADdF ;
voi d * pDriverDat a;
voi d * pUSBCont ext ;

} USB_I P_NI _DRI VER DATA,

Structure members

Member Description
Optional pointer to a HW address (or MAC address) of the
pHWAddr .
host network interface.
NunByt esHWAddr Number of bytes in the HW address. Typically 6 bytes.
pDri ver Dat a Pointer to a user context.
pUSBCont ext Internal use.

Additional information
When pHWAddr is NULL the MAC is automatically generated.
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16.5 CDC-NCM IP Driver

This section describes the emUSB-Device CDC-NCM IP stack interface in detail.

16.5.1 General information

This release comes with IP NI driver which uses emNet as the IP stack. If you are using
emNet this chapter can be ignored. This chapter is for those who wish to write their own
IP stack interface for a third-party IP stack.

The IP interface is handled through an API-table, which contains all relevant functions
necessary for read/write operations and initialization.

16.5.2 Interface function list

As described above, access to network functions is realized through an API-function table
of type USB_| P_NI _DRI VER_API . The structure is declared in USB_Driver _IP_N.h and it
is described in section Data structures on page 490
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16.5.3 USB_IP_NI_DRIVER_API in detail

16.5.3.1 USB_IP_NIL_INIT

Description

Initializes the driver.

Type definition

typedef unsigned (USB_IP_NI _INIT)(const USB_|P_N DRI VER DATA * pDriver Data,
USB_| P_WRI TE_PACKET  * pfWitePacket);

Parameters
Parameter Description
pDri ver Dat a Pointer to driver configuration data.

Callback function called by the IP stack to transmit a packet

pf Wi tePacket that should be sent to the USB host.

Return value

IP NI driver instance ID.

Additional information

This function is called when the RNDIS/ECM interface is added to the USB stack. Typically
the function makes a local copy of the HW address passed in the pDri ver Dat a structure.
For more information this structure refer to USB | P_NI DRI VER DATA.
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16.5.3.2 USB_IP_NI_GET_PACKET BUFFER

Description

Returns a buffer for a data packet.

Type definition

typedef void * (USB_I P_N _GET_PACKET_BUFFER) (unsi gned Id,
unsi gned NunBytes);

Parameters

Parameter Description
Id Instance ID returned from USB IP_NI _INIT.
NunByt es Size of the requested buffer in bytes.

Return value

# NULL Pointer to allocated buffer
= NULL No buffer available

Additional information

The function should allocate a buffer of the requested size. If the buffer can not be allocated
a NULL pointer should be returned. The function is called when a data packet is received
from PC. The packet data is stored in the returned buffer.
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16.5.3.3 USB_IP_NI_WRITE_PACKET

Description

Delivers a data packet to target IP stack.

Type definition

typedef void (USB_I P_N _WRI TE_PACKET) ( unsi gned 1d,

const void * pDat a,
unsi gned NunByt es) ;

Parameters
Parameter Description
Id Instance ID returned from USB IP_NI _INIT.
pDat a Data of the received packet.
NunByt es Number of bytes stored in the buffer.

Additional information

The function is called after a data packet has been received from USB. pDat a points to the
buffer returned by the USB | P_NI _GET_PACKET_BUFFER function.
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16.5.3.4 USB_IP_NI_SET_PACKET FILTER

Description
Configures the type of accepted data packets.
Type definition

typedef void (USB I P_NI_SET_PACKET FILTER) (unsi gned Id,

u32 Mask) ;
Parameters
Parameter Description
Id Instance ID returned from USB IP_NI _INIT.
Mask Type of accepted data packets.

Additional information

The Mask parameter should be interpreted as a boolean value. A value different than 0
indicates that the connection to target IP stack should be established. When the function
is called with the Mask parameter set to 0 the connection to target IP stack should be
interrupted.
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16.5.3.5 USB_IP_NI_GET_LINK_STATUS

Description

Returns the status of the connection to target IP stack.

Type definition

typedef int (USB_IP_N _GET_LI NK_STATUS) (unsigned 1d);

Parameters

Parameter Description
Id Instance ID returned from USB IP_NI _INIT.

Return value

USB_I P_NI _LI NK_STATUS_DI SCONNECTED Not connected to target IP stack.
USB_I P_NI _LI NK_STATUS_CONNECTED Connected to target IP stack.
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16.5.3.6 USB_IP_NI_GET_LINK_SPEED

Description

Returns the connection speed.

Type definition

typedef U32 (USB_IP_NI _CGET_LI NK_SPEED) (unsi gned 1d);

Parameters

Parameter Description
Id Instance ID returned from USB IP_NI _INIT.

Return value

+#0 The connection speed in units of 100 bits/sec (between the USB_| P_NI module
and the target IP stack).
=0 Not connected to the target IP stack.

Additional information

In this implementation the return value is 0 when the instance | d was not found or 1000000
(100 Mbit/s).
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16.5.3.7 USB_IP_NI_GET_HWADDR

Description
Returns the HW address (MAC address) of the host network interface (PC).

Type definition

typedef void (USB_I P_N _GET_HWADDR) (unsi gned 1d,

us * pAddr,
unsi gned NunByt es);
Parameters
Parameter Description
Id Instance ID returned from USB IP_NI _INIT.
pAddr The HW address.
NunByt es Maximum number of bytes to store into pAddr .

Additional information

The returned HW address is the one passed to the driver in the call to USB_IP_NI _INIT.
Typically the HW address is 6 bytes long.

emUSB-Device User Guide & Reference Manual

© 2010-2026 SEGGER Microcontroller GmbH



561 CHAPTER 16

16.5.3.8 USB_IP_NI_GET_STATS

Description

Returns statistical counters.

Type definition

typedef U32 (USB_I P_NI _GET_STATS) (unsi gned Id,

CDC-NCM IP Driver

i nt Type);
Parameters
Parameter Description
Id Instance ID returned from USB IP_NI _INIT.
Type The type of information requested. See table below.

Return value

Value of the requested statistical counter.

Additional information

The counters should be set to 0 when the USB_| P_NI _RESET function is called.

Permitted values for parameter Type

USB_| P_NI _STATS_CLEAR ALL_STATS

Special type which will instruct the
module to reset all statistical counters
to zero.

USB_I| P_NI _STATS WRI TE_PACKET_CK

Number of packets sent without errors
to target IP stack.

USB_I P_NI _STATS WRI TE_PACKET ERROR

Number of packets sent with errors to
target IP stack.

USB_| P_NI _STATS_READ PACKET_OK

Number of packets received without
errors from target IP stack.

USB_| P_NI _STATS_READ PACKET_ERROR

Number of packets received with
errors from target IP stack.

USB_I| P_NI _STATS_READ NO BUFFER

Number of packets received from
target IP stack but dropped.

USB_| P_NI _STATS_READ ALI GN_ERROR

Number of packets received from
target IP stack with alignment errors.

USB_I P_NI _STATS WRI TE_ONE_COLLI S| ON

Number of packets which were not
sent to target IP stack due to the
occurrence of one collision.

USB_I P_NI _STATS WRI TE_MORE_COLLI SI ONS

Number of packets which were not
sent to target IP stack due to the
occurrence of one or more collisions.
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16.5.3.9 USB_IP_NI_GET_MTU

Description

Returns the maximum transmission unit, the size of the largest data packet which can be
transferred.

Type definition

typedef U32 (USB_I P_NI _GET_MIU) (unsigned 1d);

Parameters

Parameter

Description

Id

Instance ID returned from USB IP_NI _INIT.

Return value
The MTU size in bytes. Typically 1500 bytes.
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16.5.3.10 USB_IP_NI_RESET

Description

Resets the driver.

Type definition
typedef void (USB_I P_N _RESET) (unsigned Id);

Parameters

Parameter Description
Id Instance ID returned from USB IP_NI _INIT.
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16.5.3.11 USB_IP_NI_SET WRITE_PACKET_ FUNC

Description

Changes the USB | P_WRI TE_PACKET callback which was added via USB IP_N INT to a
different callback function. This function is only called by the stack when IP-over-USB is
used. It is not called when RNDIS or ECM is used standalone.

Type definition
typedef void (USB_| P_NI _SET_WRI TE_PACKET_FUNC)

(unsi gned Id,
USB_| P_WRI TE_PACKET * pfWitePacket);

Parameters
Parameter Description
Id Instance ID returned from USB IP_NI _INIT.
fWitePacket Callback function called by the IP stack to transmit a packet
P that should be sent to the USB host.
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16.5.3.12 USB_IP_NI_SET_REPORT_LINKSTATE_FUNC

Description

Changes the USB | P_REPORT_ LI NKSTATE callback. Normally this is called only once per
initialization in order to allow to send notification to the host that the link state has been

changed.

Type definition

typedef void (USB | P_NI _SET_REPORT LI NKSTATE_FUNC)

(unsi gned Id,
USB_| P_REPORT_LI NKSTATE * pf ReportLi nkState);
Parameters
Parameter Description
Id Instance ID returned from USB IP_NI _INIT.

pf Report Li nkSt at e

Callback function called by the IP stack to notify the host
that the link state has been changed.
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Chapter 17
Audio

This chapter gives a general overview of the Audio class and describes how to get the Audio
component running on the target.

emUSB-Device User Guide & Reference Manual © 2010-2026 SEGGER Microcontroller GmbH



567 CHAPTER 17 Overview

17.1 Overview

The USB Audio device class is a USB class protocol which can be used to transfer sound
data from a device to a host and vice versa.

Audio is supported by most operating systems out of the box and the installation of
additional drivers is not required.

emUSB-Device Audio provides the following features:

Compatible to USB Audio version 1 and version 2 device class.

Arbitrary number of input and output audio streams.

Arbitrary number channels for each audio stream.

Sample resolution from 8- to 32-Bit.

Arbitrary number of audio control units.

Synchronous, asynchronous, adaptive and implicit synchronization for each audio
stream.

e Audio interrupt messages.

emUSB-Device implementation of the Audio class is designed with minimal resource usage
in mind, especially targeted to embedded devices. emUSB-Device-Audio supports the
transparent transport of audio data to and from a USB host, but does not care about the
format of the audio data (number of channels, bit resolution, encoding). Generation and
processing of correct formatted audio data is up to the application. The application also has
to consider how the stream of audio samples must be split into USB packets.

Note

Audio 2.0 is designed for high-speed USB devices and should not be used on full-
speed devices. It may work on full-speed devices with modified configurations, but
there is no official support in emUSB-Device.
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17.2 Creation of an audio device application

A USB audio device is a collection of audio control units, audio streaming interfaces and
alternate interface settings. To build an audio device, the design of this device must be
defined by creating an “USB audio design” file (extension . uad). This file specifies all
characteristics of the device and is converted by the USBAudi oDevi ceGener at or . exe tool
into a C source file and a C header file, that should be used to build the audio application.

Application code
.c.cpp .-h

CustomDevice.uad
Audio design file

CustomDevice.c
CustomDevice.h

\ 4
Aun
pue
andwon

CustomDevice.elf

Legend:
Provided by user

Generated

emUSB-Device contains a couple of sample USB audio design files and sample application
code that can be used as a starting point to develop your own audio application.

The USB Audio Device Generator tool is a command line tool that can be invoked from a
command shell:

USBAudi oDevi ceGener at or . exe [-s] [-o=<output-file>] <USB-audio-design-file>

-s Sil ent execution (except for errors).
-0= Base nane for the generated .c and .h files.
If not specified, the name of the USB audio design file is used.

To register an audio class at the USB stack, the application has to create a
USBD_AC | NI T_DATA structure and call the function USBD_AC Add() . The structures has to
contain a pointer to the configuration data created by the generator and three callback
function, that must be provided by the application: The function pf Set Al t er nat e is called
every time, when the host selects a new alternate setting for any of the audio interfaces.
The other two functions must handle audio control get/set requests send by the host.
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For audio 2.0 devices, it is required to call USBD_Enabl el AD() before USBD_AC Add() .

17.2.1 Configuration requirements

In order to the audio class, isochronous transfer support must be enabled in the USB stack
by setting USB_SUPPORT_TRANSFER | SO to 1. Additionally it may be necessary to increase
the values of the following compile-time configuration options:

e USB_MAX_NUM I F
e USB_MAX_NUMALT I F
e USB_DESC BUFFER SI ZE

17.2.2 Design of audio interfaces

An audio 1.0 interface usually has multiple alternate settings, one for each supported
sample frequency. Alternate setting 0 does not contain any endpoints and is selected by
the host to switch off the interface. Selecting an alternate setting by the host (other than
0) implies selecting a particular sample frequency.

An audio 2.0 interface usually has only alternate settings ‘0’ and ‘1’, which are used by
the host to switch the interface on and off. Different sample frequencies are handled using
audio control requests send to a clock unit. Audio 2.0 interfaces may have more alternate
settings as well to provide a variable bit resolution or a variable number of channels.

While audio 1.0 devices transfer one packet of audio data every millisecond, audio 2.0
devices may transfer 1, 2, 4 or 8 packets every millisecond (one packet every 1ms, 500us,
250us, 125pus respectively). Choosing a smaller interval for an interface leads to smaller
packet sizes but may required a more strict response time by the application to handle
data packets.

For each alternate setting of an interface containing an endpoint, a maximum packet size
(in bytes) must be configured. It must be large enough to hold all audio samples for the
given interval.

Example

16-bit stereo --> Sanpl e size 4 bytes
Sanpl e frequency 48000 Hz

Interval 1ns --> 48 sanpl es per packet

--> maxi mum packet size: 4 * 48 = 192 bytes

For configurations where not all packets contain the same number of audio samples, the
maximum packet size need to be rounded up.

Example

16-bit stereo --> Sanpl e size 4 bytes

Sanpl e frequency 44100 Hz

Interval 1ns --> packets contain 44 or 45 sanples

--> maxi mum packet size: 4 * 45 = 180 bytes

If explicit synchronization is used (asynchronous OUT or adaptive IN) the packet must be
able to hold at least one more audio sample to allow proper feedback response.

Example

24-bit stereo --> Sanpl e size 6 bytes

Sanpl e frequency 96000 Hz

I nterval 250us --> 24 sanpl es per packet

Asynchr onous OUT --> maxi num packet size: 6 * (24+1) = 150 bytes
Warning
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During enumeration of a device all alternate settings with endpoint configurations that
are not compatible with the enumerated speed are dropped from the configuration
descriptor. This will happen for example for alternate settings with an endpoint size
> 1023 or an interval < 1ms when enumerated in full-speed. As a result, the audio
device may not be usable when enumerated in a lower speed.

17.2.3 Handling of audio control requests

If an audio control request is received from the host, one of the callback function registered
with the USBD_AC | NI T_DATA structure is called. In this functions the application must
handle all controls that where configured in the USB audio description file with any
“Control s: ” statement.

17.2.4 Receiving audio data

If the host wants to send audio data to the device, it will select an appropriate alternate
setting on an OUT interface. The application is notified via the pf Set Al t er nat e callback
function. In order to receive audio data from the host, the application then has to create
and initialize a data structure of type USBD_AC RX CTX. This contains pointer to a function
of the application (pf Cal | back) that is called by the audio class every time audio data
was received from the host. Additionally the USBD _AC RX DATA structure (contained in
USBD_AC RX_CTX) must be initialized: The application has to provide a buffer where the
audio data is stored and can configure the audio class to read a single or multiple packets
into this buffer before the callback function is called.

Then the application has to call USBD_AC OpenRXStrean() which starts reading data. The
contents of the USBD_AC RX CTX structure (memory area) must be valid and must not be
modified while the stream is open.

Every time the requested amount of audio data was received, the callback function of
the application (pf Cal | back) is called. The received audio data must not be processed
within this function, because it is called from an interrupt context. Instead the function
must reinitialize the USBD _AC RX DATA structure (to enable reading of the next data)
and return immediately. Audio data should be processed in an application task, therefore
at least double buffering is recommended: The callback function should modify the
USBD_AC RX_DATA structure to use a different buffer to not overwrite the data received
before while it is processed by the application.

17.2.4.1 Using explicit feedback

If explicit feedback is used for a RX audio stream, the application has to compute periodically
the number of audio samples that are processed within the data transfer interval defined
by the USB host controller and provide this information to the host using the function
USBD_AC Set FeedbackDat aRat e() . In order to synchronize with the USB clock of the
host the application may register a callback function that is called in regular intervals
(related to the USB clock) using the members pf SOFCal | back and Feedbackl! nt erval of
the USBD_AC RX_CTX structure. In this function the application can measure the number
of samples processed (using the clock source of the audio hardware) and calculate the
feedback value.

17.2.5 Sending audio data

If the host wants to read audio data from the device, it will select an appropriate
alternate setting on an IN interface. The application is notified via the pf Set Alternate
callback function. In order to send audio data to the host, the application then has
to create and initialize a data structure of type USBD AC TX CTX and call the function
USBD _AC OpenTXStrean() . The contents of the USBD_AC TX CTX structure (memory area)
must be valid and must not be modified while the stream is open.
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After successful open, the application can start to send audio data with USBD_AC Send() .
This function returns immediately performing the data transfer asynchronously. A maximum
of two calls to USBD_AC Send() can be queued by the audio class. Every time the data
from a USBD_AC Send() was transferred to the host, a callback function provided by the
application (member pf Cal | back in USBD_AC TX CTX) is executed in order to signal that
new audio data can be accepted to be send. This function must not generate new audio data
itself, because it is called from an interrupt context. Instead it may trigger an application
task to create more audio data and call another USBD_AC _Send() .

The send queue is used to support a double buffering of audio data: While a data packet is
send to the host, another data packet can be created by the application and queued with
USBD_AC_Send() .

17.2.5.1 Using explicit feedback

If explicit feedback is used for a TX audio stream, the application has to fetch the feedback
information from the host using USBD_AC_Get FeedbackDat aRat e() periodically and adjust
the number of audio samples that are send accordingly.

17.2.6 Physical controls

If the audio device has any kind of physical controls, like a volume control button, there
are two different ways to handle these buttons by the application:

Physical button is a HID Control

In this case, the physical button is completely separate from the audio function and is
implemented within a separate HID interface. The audio function is not even aware of the
button’s existence. Any change of state for the button is communicated to the Host software
via HID reports. It is then up to the host software to interpret the button state change and
send an appropriate control request to the audio function.

Physical button is Integral Part of the Audio Control

In this case, the physical button directly interacts with the actual audio control,
causing the state of an audio control unit to change directly. The application should
inform the host through the audio control interrupt mechanism by calling the function
USBD_AC Sendl nt errupt Message() . The host then can retrieve the current setting of the
audio control unit using a control get request.

In order to use the audio control interrupt mechanism, an interrupt endpoint must be
configured in the audio control interface, see member I nt EP in USBD_AC | NI T_DATA.
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17.3 Syntax definition of the USB audio design file

The USB audio design file is an ASCII file containing the design description of a USB audio
device given in a syntax described within this section. To create such file, knowledge of
concepts and terms of USB audio devices are required, see document “Universal Serial Bus
Device Class Definition for Audio Devices” from www.usb.org.

The file can contain C++-like comments at any location which start with // and include
the rest of the current line. Any number of spaces or new lines can be present between
keywords. The following terms are used in the syntax definition in this section:

' <| D>' = ldentifier. <ID> nust begin with a letter and only consi st
of letters (A-z, a-z), digits (0-9) or underline characters
"<string>" = Arbitrary text description containing a maximnmm
of 255 characters
0i nt = An integer nunber, either in decimal or
i n hexadeci mal (preceded with "0x")
#pl acehol der # .= Placehol der for an el enment described below in the section.
#Hitenm# ... = Alist of one or nore #i tem# el enents
#iten# , ... := A commm separated |list of one or nore #i tem# el enents

An identifier uniquely identifies a control unit or streaming interface and can be used to
define connections between these entities. When used before a { it is defined and assigned
to the current unit. It then can be used as a reference in other units. Example:

CLOCK_SOURCE ' O ockl" { /1l Gves this unit the nane "d ockl"
} Ce
| NPUT_TERM NAL ' Terml' { /1 Gves this unit the nane "Ternil"
d ;)ckSource: "Cl ockl'; /'l References the C ock Source unit above

/1 as clock input
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17.3.1 Overall syntax of the design file

Audi oDevi ce '<I D> #version# {

Cat egory: #cat egor y#;
Description: "<string>";
Control s: #Mai nControl # , ... ;

#Control Unit# ...
#l nterface#

#Conpi | er Macr os#
}

The description must contain at least one #Control Unit# and one #l nterface#, other

elements are optional.

#Cont r ol Uni t # is one of the elements described in the section Control units description.

#I nterface# is an interface description defined in the section Streaming interface

description.

#version# is either 1.0 or 2.0

#category# is one of the follow ng:
DESKTOP_SPEAKER
HOVE_THEATER

M CROPHONE

HEADSET

TELEPHONE

CONVERTER

VO CE/ SOUND_RECORDER
I/ O_BOX

MUSI CAL_I NSTRUMENT
PRO- AUDI O

AUDI O VI DEO
CONTROL_PANEL

OTHER

#Mai nControl # is one of the follow ng:
Lat encyCont r ol

17.3.1.1 Compiler Macros

The #Conpi | er Macr os# statement can be used to create user defined preprocessor defines
stored into the generated header file. These have no affect on the generated audio
configuration and can be arbitrarily used by the audio application.

Example
Conpi | er Macros {
" XXX_VALUE' "4711";
' XXX_SI ZE' " (sizeof (XXX) + 3)";
" XXX _NAME' "\ Megal XXX\

}

will create the following defines in the header file:

#defi ne XXX_VALUE 4711
#defi ne XXX_SI ZE (si zeof (XXX) + 3)
#def i ne XXX_NAME " Mega_ XXX"
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17.3.2 Control units description

Syntax definition of the USB audio design file

#Cont r ol Uni t # is one of the elements described below.

17.3.2.1 Input Terminal
| NPUT_TERM NAL ' <I D> {
Ter mi nal Type: 0i nt;

Cl ockSour ce: '<I D>

Channel d uster:
Control s:
AssocTerm nal :
Descri ption:

}

#Channel Location# ,... ;

#l nput Term nal Control # ,... ;
'<I D>

"<string>";

All items of this unit are optional, except Channel Cl uster and C ockSource (for audio
version 2.0 devices only). Valid numbers for Ter mi nal Type can be found in the document
“Universal Serial Bus Device Class Definition for Terminal Types” from www.usb.org.

[ {Control s} is valid for audio 2.0 devices only.

#Channel Locati on# is one of the foll ow ng:

Front Left

Lef t Front

Front Ri ght

Ri ght Fr ont

Front Cent er

Cent er Front

LowFr equencyEf f ect s
BackLeft

Lef t Surround

BackRi ght

Ri ght Sur r ound

Front Left Of Cent er
Left Of Cent er

Fr ont R ght O Cent er

Ri ght Of Cent er
BackCent er

Sur round

Si deLeft

Si deRi ght

TopCent er

Top

TopFront Left
TopFront Cent er
TopFront Ri ght
TopBackLeft
TopBackCent er
TopBackRi ght
TopFront Left OF Cent er
TopFront Ri ght Of Cent er
Lef t LowFr equencyEffects
Ri ght LowFr equencyEf f ect s
TopSi delLeft

TopSi deRi ght

Bot t onCent er
BackLeft Of Cent er
BackRi ght Of Cent er

RawDat a
NoLocat i on /1 Unspecified non-standard Channel
"<string>" /1 Non-standard Channel C uster

#l nput Termi nal Control # is one of the follow ng:

Over | oadCont r ol
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Connect or Cont r ol

CopyPr ot ect Cont r ol

Under f | owCont r ol

Over f | owCont r ol

Cl ust er Control

I

/1 Al of these may optionally followed by the "ReadOnly" keyword
I

17.3.2.2 Output Terminal

OQUTPUT_TERM NAL ' <I D>' {
Ter mi nal Type: 0i nt;

Cl ockSour ce: "< D>

I nput : <D ...

Control s: #Qut put Term nal Control # , ... ;
AssocTermnal: ' <ID>';

Descri ption: "<string>";

}

All items of this unit are optional, except | nput and d ockSour ce (for audio version 2.0
devices only). Valid numbers for Ter mi nal Type can be found in the document “Universal
Serial Bus Device Class Definition for Terminal Types” from www.usb.org. [ {Control s} is
valid for audio 2.0 devices only.

#Qut put Termi nal Control # is one of the follow ng:

Over | oadContr ol

Connect or Cont r ol

CopyPr ot ect Cont r ol

Under f | owCont r ol

Over f | owContr ol

I

Il Al of these nay optionally followed by the "ReadOnly" keyword
I

17.3.2.3 Feature unit

FEATURE_UNIT '<I D>" {

| nput : <ID> L.,
Control s: #Feat ureControl # , ...
Descri pti on: "<string>";

}
All items of this unit are optional, except I nput .

#FeatureControl # is one of the foll ow ng:

Mut eCont r ol

Vol uneCont r ol

BassCont r ol

M dCont r ol

Tr ebl eCont r ol

G aphi cEqual i zer Cont r ol
Aut omat i cGai nCont r ol

Del ayCont r ol

BassBoost Cont r ol
LoudnessCont r ol

| nput Gai nCont r ol /1 Audio 2.0 only
| nput Gai nPadCont r ol /1 Audio 2.0 only
Phasel nvert er Contr ol /1 Audio 2.0 only
Under f | onCont r ol /1 Audio 2.0 only
Over fl owCont r ol /1 Audio 2.0 only
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Il
/1 For audio version 2.0 devices all of these may
/1 optionally followed by the "ReadOnly" keyword
Il

17.3.2.4 Mixer unit

MXER_ UNIT '<ID>" {
I nput : <D ...
Control s: #M xerControl # , ... ;
Channel d ust er: #Channel Location# ,... ;
M xer Control s:  #M xer Mat ri x#;
Descri ption: "<string>";

}
All items of this unit are required, except Cont rol s and Descri pti on.

#M xer Control # is one of the follow ng:

Cl ust er Cont r ol

Under f | onCont r ol

Over fl onCont r ol

Il

/1 For audio version 2.0 devices all of these may
/1 optionally followed by the "ReadOnly" keyword
Il

#M xer Mat ri x# is a two-dimensional bit array that has a row for each logical input channel
and a column for each logical output channel. If a bit at position [x,y] is set, this means
that the Mixer Unit contains a programmable mixing Control that connects input channel
x to output channel y. If bit [x,y] is clear, this indicates that the connection between input
channel x and output channel y is non-programmable. The number of input channels are
defined by I nput , the number of output channels are specified by Channel d ust er.

#M xer Mat ri x# is a comma separated a list of rows. Each row is a list of bits (‘0" and 1’
characters) enclosed in square brackets. Example:

MXER_UNIT ' M xer' {
Input: 'LinelN, "McIN ;
Channel Cluster: FrontlLeft, FrontRight, "Floor Vibration";
/1 I nput channels (rows):

M xerControls: [ 1 1 1 ], I/ Line Left
[ 1 1 1 ], /! Line Right
[ 1 1 0 1, /1l Mc Left
[ 1 1 0 l; /1l Mc Right
/1 Qut channels: FrontLeft FrontRi ght Floor Vibration

Description: "Line / Mc mxer";

17.3.2.5 Selector unit

SELECTOR UNIT '<I D> {

I nput : <D, ...
Control s: #Sel ectorControl # , ... ;
Descri ption: "<string>";

}
All items of this unit are optional, except | nput . Cont r ol s is valid for audio 2.0 devices only.

#Sel ectorControl # i s one of the foll ow ng:

Sel ect or Cont r ol
I
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/1 Al of these may optionally followed by the "ReadOnly" keyword
Il

17.3.2.6 Clock source

This unit is allowed for audio 2.0 devices only.

CLOCK_SOURCE ' <I D> {

Type: #Cl ockType# ;
AssocTermnal: '<ID>';

Control s: #Cl ockSourceControl # ,... ;
Descri ption: "<string>";

}
All items of this unit are optional.

#Cl ockType# is one of the foll ow ng:

Ext er nal

Internal fixed

Internal fixed Synchoni zedToSOF
Internal variable

Internal variable Synchoni zedToSOF

I nternal programuabl e

I nternal programmabl e Synchoni zedToSOF

#Cl ockSourceControl # is one of the foll ow ng:
Cl ockFr equencyCont r ol
Cl ockVal i di tyControl
Il
/1 Al of these may optionally followed by the "ReadOnly" keyword
Il
17.3.2.7 Clock selector

This unit is allowed for audio 2.0 devices only.

CLOCK_SELECTCR ' <I D> {

| nput : <D,
Control s: #Cl ockSel ector Control # , ...
Description: "<string>";

}
All items of this unit are optional, except | nput .

#Cl ockSel ector Control # is one of the foll ow ng:
Cl ockSel ect or Contr ol
Il

/1 Al of these may optionally followed by the "ReadOnly" keyword
Il

17.3.2.8 Clock multiplier

This unit is allowed for audio 2.0 devices only.

CLOCK_MULTI PLIER ' <I D>' {

I nput : '<ID> ...
Control s: #C ockMul tiplierControl# ,... ;
Descri pti on: "<string>";

}
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All items of this unit are optional, except | nput .

#Cl ockMul tiplierControl# is one of the follow ng:

Cl ockNurmrer at or Cont r ol

Cl ockDenoni nat or Cont r ol

I

/1 Al'l of these may optionally followed by the "ReadOnly" keyword
I
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17.3.3 Streaming interface description

The overall syntax of an interface description #| nt er f ace# is:

Stream nglnterface '<I D> {
#Al t er nat eConfig# ...
#Conpi | er Macr os#

}

#Conpi | er Macr os# are defined in Compiler Macros on page 573.
#Al t er nat eConfi g# is defined as:

Alternate {
AUDI O_STREAM {
Descri ption: "<string>";
Term nal : '<I D> /'l Reference to an Input- or

/1 Qutput Term nal control unit

Il

/'l The following items are valid for USB audio 1.0 devices only

Il

For mat Tag: 0i nt;

Del ay: 0i nt;

Il

/'l The following items are valid for USB audio 2.0 devices only

Il

Channel d uster: #Channel Location# ,... ;
For mat Type: #For mat Type#;
For mat s: Oi nt;
Control s: #StreanControl # ,... ;

}

ENDPOI NT {
Di rection: #Di rect i on#;
MaxPacket Si ze: Oi nt;
I nterval: Oi nt ;
Feedbackl nterval : 0int;
Sync: #Synchr oni sat i on#;
Attributes: #Endpoi nt Attribute# ,... ;
Control s: #Endpoi nt Control # ,... ;
LockDel ay: Oi nt Oint;

}

#Streanmnit# ...

}
The AUDI O_STREAM section is mandatory and must contain at least the Term nal and
Channel Cl ust er entries.

The ENDPO NT section is optional but must contain at least the Direction and
MaxPacket Si ze entries if present.

#St reanni t # is one of the elements described in the section Stream units description.

17.3.3.1 AUDIO_STREAM section

For mat Tag describes the Audio Data Format that should be used when exchanging data
with this endpoint. A complete list of supported Audio Data Formats is provided in the
document “Universal Serial Bus Device Class Definition for Audio Data Formats 1.0” from
www.usb.org.

Del ay specifies the delay (8) introduced by the data path expressed in number of frames.

#Channel Locat i on# is defined in section Input Terminal.

#For mat Type# i s one of the follow ng:
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A WNPE

Ext ended 1
Ext ended 2
Ext ended 3

For mat s specifies an integer containing a bitmap that lists the Audio Data Format(s) that
can be used to communicate with this interface. See the document “Universal Serial Bus
Device Class Definition for Audio Data Formats 2.0” from www.usb.org for further details.

#StreanControl # i s one of the follow ng:

ActiveAlternateSetting
Val i dAl ternat eSetti ng

17.3.3.2 ENDPOINT section

#Di recti on# is either I N (data transfer from the device to the host) or QUT (data transfer
from the host to the device).

MaxPacket Si ze specifies maximum number of bytes transferred within one packet. Up to
1023 bytes are allowed for full-speed devices and up to 3072 bytes for high-speed devices.
More information about the maximum packet size can be found in section Design of audio
interfaces on page 569.

I nt erval defines the time between sending two audio packets. For audio 1.0 devices it
must be given in milliseconds (default is 1ms). For audio 2.0 devices it must be specified
in units of 125us. A value of 1, 2, 4 or 8 defines an interval of 125us, 250us, 500us or 1ms
respectively. The value must always be a power of 2.

Feedbackl nt erval defines the interval the feedback endpoint should be polled. It must be
specified only if a feedback endpoint is used for this interface.

#Synchroni sation# is one of the foll ow ng:

Synchr onous

Asynchr onous
Asynchronous Inplicit
Adaptive

Adaptive Inplicit

#Endpoi nt Attribute# is one of the foll ow ng:

Sanpl i ngFr equencyCont r ol /1 audio 1.0 only
Pi t chCont r ol /] audio 1.0 only
MaxPacket sOnl y

#Endpoi nt Control # is valid for audio 2.0 only and is one of the follow ng:

Pi t chCont r ol

Dat aOver runCont r ol

Dat aUnder r unCont r ol

Il

/1 Al of these may optionally followed by the "ReadOnly" keyword
Il

LockDel ay specifies values for the bLockDel ayUni t s and wiLockDel ay parameters. These
are used to indicate to the Host how long it takes for the clock recovery circuitry of this
endpoint to lock and reliably produce or consume the audio data stream.
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17.3.4 Stream units description

#St reanmni t # is one of the elements described below.

17.3.4.1 Format | section

FORMAT | {
Subf r aneSi ze: 0i nt; // Audio 1.0
Subsl ot Si ze: Oi nt; // Audio 2.0
Bi t Resol uti on: Oi nt;

I
/[l The following itens are valid for USB audio 1.0 devices only
I
Nr Channel s: 0i nt;
Sanpl i ngFr equency: oint ...;
Sanpl i ngFr equencyRange: 0Oi nt M n 0i nt Max;
}

SubfraneSi ze / Subsl ot Si ze defines the number of bytes occupied by one audio sample
for a single channel. Can be 1, 2, 3 or 4.

Bi t Resol uti on specifies the number of effectively used bits from the available bits in an
audio subframe / subslot. The value must be < 8 * Subf raneSi ze or Subsl ot Si ze.

Nr Channel s indicate the number of physical channels in the audio data stream.

Supported sample frequencies can be specified either with a list of discrete frequencies
(Sampl i ngFrequency) or by a frequency range with minimum and maximum values
(Sampl i ngFr equencyRange). All frequency values must be given in Hz.

17.3.4.2 Format Il section

This format is used to transfer encoded audio data.

FORMAT |1 {
MaxBi t Rat e: Oi nt;
Sanpl esPer Fr ane: 0i nt; /1 Audio 1.0
Sl ot sPer Fr ane: Oi nt ; /1 Audio 2.0

I
/1 The following itens are valid for USB audio 1.0 devices only
I
Sanpl i ngFr equency: oint ...;
Sanpl i ngFr equencyRange: 0i nt M n 0i nt Max;
}

MaxBi t Rat e specifies the maximum number of bits per second this interface can handle. It
is a measure for the buffer size available in the interface.

Sanpl esPer Fr ane indicates the number of PCM audio samples contained in one encoded
audio frame.

Sl ot sPer Fr ane contains the number of PCM audio slots contained within a single encoded
audio frame.

Supported sample frequencies can be specified either with a list of discrete frequencies
(Sanpl i ngFrequency) or by a frequency range with minimum and maximum values
(Sanpl i ngFr equencyRange). All frequency values must be given in Hz.

17.3.4.3 Format Il section

This format is used to transfer 16-bit stereo data (two channels).

FORMAT 111 {
Bi t Resol uti on: 0i nt;
/1
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/1 The following itens are valid for USB audio 1.0 devices only
Il
Sanpl i ngFr equency: 0i nt
Sanpl i ngFr equencyRange: 0i nt M n 0i nt Max;
}

Bi t Resol uti on specifies the number of effectively used bits from the available bits in an
audio subframe / subslot. The value must be < 16.

Supported sample frequencies can be specified either with a list of discrete frequencies
(Sampl i ngFrequency) or by a frequency range with minimum and maximum values
(Sampl i ngFr equencyRange). All frequency values must be given in Hz.
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Function

Description

API functions

USBD_AC_Add()

Adds an Audio interface to the USB stack.

USBD AC GetCurrent Al tSetting()

Returns the current alternate setting of an
interface, that was set by the host.

USBD _AC Get Strean nfo()

Returns information about a streaming
interface for a given alternate setting or
for the current alternate setting, that was
set by the host.

USBD AC OpenRXSt r eam()

Opens an interface and starts reading
audio data, depending of the current
alternate setting, that was set by the host.

USBD_AC_Cl oseRXSt rean()

Stops data transfers of an audio receive
stream and closes the stream.

USBD_AC OpenTXSt r eam()

Opens an interface and prepare for
sending audio data with USBD_AC Send(),
depending of the current alternate setting,
that was set by the host.

USBD _AC Send()

Provide audio data to be send to the host.

USBD AC Cl oseTXStrean()

Stops data transfers of an audio send
stream and closes the stream.

USBD_AC_Set FeedbackDat aRat e()

Provides sample rate feedback for an
OUT endpoint using explicit asynchronous
synchronization.

USBD_AC Cet FeedbackDat aRat e()

Gets the sample rate feedback that was
send by the host for an IN endpoint using
explicit adaptive synchronization.

USBD_AC Sendl nt errupt Message()

Writes an interrupt message via the
optional interrupt IN endpoint to the host.

Data structures

USBD_AC | NI T_DATA

Initialization data for the Audio class
instance.

USBD_AC_STREAM | NTF_| NFO

This structure contains information about
an audio streaming interface.

USBD_AC_RX_CTX

Contains all information about an active
interface receiving audio data.

USBD_AC_RX_DATA

This structure is used to forward audio
data to the application.

USBD_AC_TX_CTX

Contains all information about an active
interface for sending audio data.

USBD_AC_CONTROL_| NFO

This structure contains information about
the type of a control request.

USBD_AC_EVENT

Event types for RX / TX callback functions.

Function definitions

USBD_AC_SET_ALT_| NTERFACE

Definition of the callback which is called
when the hosts sets an alternate setting
on an audio interface.
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Function Description

Definition of the callback which is called
USBD_AC CONTROL_GET_FUNC when an audio control get requests is
received.

Definition of the callback which is called
USBD _AC CONTROL_SET_FUNC when an audio control set requests is
received.

Definition of the callback which is called
USBD _AC RX CALLBACK when audio data was received from the
host.

Definition of the callback which is called
when audio data was send to the host.

USBD_AC TX_CALLBACK
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17.4.1 APIfunctions

17.4.1.1 USBD_AC_Add()

Description
Adds an Audio interface to the USB stack.

Prototype
int USBD_AC _Add(const USBD_AC | NI T_DATA * plnitData);
Parameters
Parameter Description
| ni t Dat a Pointer to a USBD_AC | NI T_DATA structure containing values
P for the initialization.

Return value

>0 on success.
<0 on error.

Additional information

This function registers Audio interface class with the USB stack. It must be called
after USBD | nit() and before USBD Start (). The structure USBD AC | NI T_DATA has to
be initialized before USBD AC Add() is called. Refer to USBD AC | NI T_DATA for more
information.
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17.4.1.2 USBD_AC_GetCurrentAltSetting()

Description

Returns the current alternate setting of an interface, that was set by the host.

Prototype
unsi gned USBD_AC Get Current Al't Setting(unsigned Interface);
Parameters
Parameter Description
I nterface Index of the audio interface, see generated
USBD _AC | NTERFACE ... defines.

Return value

Current alternate setting.
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17.4.1.3 USBD_AC _GetStreaminfo()

Description

Returns information about a streaming interface for a given alternate setting or for the
current alternate setting, that was set by the host.

Prototype
USBD_AC_STREAM | NTF_I NFO *USBD_AC_Cet St r eam nf o(unsi gned I nterface,
i nt AltSetting);
Parameters
Parameter Description
Index of the audio interface, see generated
Interface

USBD _AC | NTERFACE ... defines.

Number of the alternate setting for which the information
Al'tSetting should be returned. Can be set to -1, then the current
alternate setting selected by the host is used.

Return value
Pointer to a USBD_AC STREAM | NTF_I NFO structure containing the information.
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17.4.1.4 USBD_AC_OpenRXStream()

Description

Opens an interface and starts reading audio data, depending of the current alternate setting,
that was set by the host.

Prototype

int USBD_AC_OpenRXSt r ean( USBD_AC _RX_CTX * pCtx);

Parameters

Parameter Description

Receive stream context. The public part of the structure
must be initialized before calling USBD_AC OpenRXSt reamn() .

pCt x After the stream was opened successfully, the data (memory
area) must remain valid and must not be changed by the
application.

Return value

=0 Stream was successfully opened and receiving data has started.

#0 Error.
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17.4.1.5 USBD_AC_CloseRXStream()

Description

Stops data transfers of an audio receive stream and closes the stream.

Prototype

voi d USBD_AC_C oseRXSt r ean{ USBD_AC_RX_CTX * pCtx);

Parameters

Parameter Description
Receive context of a RX stream, that was successfully
a x opened using USBD_AC QOpenRXSt r eant( ) . After the function
P returns, the context is not used any more and can be

destroyed.
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17.4.1.6 USBD_AC_OpenTXStream()

Description

Opens an interface and prepare for sending audio data with USBD AC Send(), depending
of the current alternate setting, that was set by the host.

Prototype

int USBD_AC_QpenTXSt rean( USBD_AC TX_CTX * pCtx);

Parameters

Parameter Description
Send stream context. The public part of the structure must
a x be initialized before calling USBD _AC OpenTXSt r eam() . After

P the stream was opened successfully, data can be send with

the function USBD_AC Send().

Return value

=0 Stream was successfully opened.
*0 Error.
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17.4.1.7 USBD_AC_Send()

Description

Provide audio data to be send to the host. The caller need to know the current sample rate

and how the audio samples

have to be distributed over the USB frames / micro frames.

This function returns immediately performing the data transfer asynchronously. After
successful transfer of the data, the callback function provided in the USBD AC TX CTX
structure is called to indicate that new audio data can be accepted to be send.

A maximum of two calls to

USBD_AC Send() can be queued. The send queue is used to

support a double buffering of audio data: While a data packet is send to the host, another

data packet can be created

by the application and queued with USBD AC Send().

Prototype
int USBD_AC_Send( USBD_AC TX_CTX * pCix,
Ul6 Nuntr anes,
u32 NunByt es,
const void * pData);
Parameters
Parameter Description
a x Send context of a TX stream, that was successfully opened
P using USBD_AC QpenTXSt rean() .
Number of frames (full-speed) or micro frames (high-speed)
Nunfr anes the provided data is used for. The data is equally distributed
over this number of frames / micro frames. Must be < 1024.
Number of bytes of the audio data. Must be < Nunfr anes *
NunByt es MaxPacketSize. If Nunfranes > 1, then NunByt es must be a
multiple of USBD _AC TX CTX. Sanpl eSi ze.
Pointer to the audio data. To achieve best performance the
pDat a data should be word aligned or cache aligned if the system is
using a data cache.

Return value

=0 Success.
0 Error.
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17.4.1.8 USBD_AC_CloseTXStream()

Description

Stops data transfers of an audio send stream and closes the stream.

Prototype

voi d USBD_AC _C oseTXStrean( USBD_AC TX_CTX * pCtx);

Parameters

Parameter Description

Send context of a TX stream, that was successfully opened
pCt x using USBD_AC QpenTXSt r ean( ) . After the function returns,
the context is not used any more and can be destroyed.
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17.4.1.9 USBD_AC _SetFeedbackDataRate()

Description

Provides sample rate feedback for an OUT endpoint using explicit asynchronous
synchronization.

Prototype
voi d USBD_AC_Set FeedbackDat aRat e( USBD_AC_RX_CTX * pCtx,
u32 Dat aRat e) ;
Parameters
Parameter Description
a x Receive context of a RX stream, that was successfully
P opened using USBD_AC QpenRXStrean() .

Number of samples that are processed by the device within
one interval (endpoint configuration) multiplied by 2~16. As
the actual sample rate per interval may not be an integer,
Dat aRat e the multiplication with 2716 results in a fixed point humber,
where the upper 16 bits are the integer part and and the

lower 16 bits contain the fractional part. Example: A data
rate of 44.25 samples per interval is coded as Dat aRat e =
0x002C4000.
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17.4.1.10 USBD_AC_GetFeedbackDataRate()

Description

Gets the sample rate feedback that was send by the host for an IN endpoint using explicit
adaptive synchronization.

Prototype
U32 USBD_AC Get FeedbackDat aRat e( USBD_AC TX CTX * pCtx);
Parameters
Parameter Description
a x Send context of a TX stream, that was successfully opened
P using USBD_AC QpenTXSt rean() .

Return value

DataRate: Number of samples that are processed by the device within one interval (endpoint
configuration) multiplied by 2716. As the actual sample rate per interval may not be an
integer, the multiplication with 2716 results in a fixed point number, where the upper 16
bits are the integer part and and the lower 16 bits contain the fractional part. Example: A
data rate of 44.25 samples per interval is coded as DataRate = 0x002C4000. The functions
returns 0, if there was no feedback from the host so far.
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17.4.1.11 USBD_AC_SendInterruptMessage()

Description

Writes an interrupt message via the optional interrupt IN endpoint to the host.

Prototype
i nt USBD_AC Sendl! nt errupt Message(unsi gned I nterface,
u32 I D,
us Channel Nunber,
i nt ns);
Parameters
Parameter Description
I nterface Index of the audio interface, use one of the generated
USBD_AC_| NTERFACE._... macros.
Interrupt source: Unit / terminal / entity | D and audio
D control selector. Use one of the generated USBD AC I D ...

macros added with one of the USB_AC xx_... CONTRCL
macros.

Channel number of the control unit or 0 if not used. Ignored

Channel Nurber for audio 1.0 devices.

Timeout in milliseconds. 0 means infinite. If Timeout is
ns -1, the function returns immediately and the transfer is
processed asynchronously.

Return value

=0 Successful started an asynchronous write transfer (Timeout = -1) or a timeout
has occurred and no data was written.

>0 Write transfer successful completed.

<0 An error occurred.

Additional information

Endpoint related interrupt messages are not (yet) supported.
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17.4.2 Data structures

17.4.2.1 USBD_AC_INIT_DATA

Description

Initialization data for the Audio class instance.

Type definition

typedef struct {
const USBD_AC_CONFI G
USBD_AC_CONTROL_GET_FUNC
USBD_AC_CONTROL_SET_FUNC
USBD_AC_SET_ALT_I NTERFACE * pf Set Al ternate;
USBD_AC_GET_ALT_I NTERFACE * pf Getlnterfacel nfo;
us | nt EP;

} USBD_AC | NI T_DATA;

pACConfi g;
pf Cont r ol Get;
pf Control Set ;

L I

Structure members

Member Description
pACConfi g Pointer to configuration data created by the generator.
pf Cont r ol Get Callback function to handle audio control get requests.
pf Cont r ol Set Callback function to handle audio control set requests.

Callback to inform the application about Set Interface control

pf Set Al ternate
requests.

Callback to inform the application about Get Interface

pf GetInterfacelnfo
control requests.

Optional interrupt EP. If used, it must be allocated by calling
USBD_AddEP( 1, USB_TRANSFER TYPE_| NT, Interval, NULL,
PacketSize), where PacketSize must be 2 for audio 1.0
devices and 6 for audio 2.0 devices.

I nt EP
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17.4.2.2 USBD_AC_STREAM_INTF_INFO

Description

This structure contains information about an audio streaming interface.

Type definition

typedef struct {
Ul6 MaxPacket Si ze;
us I nt erval Exp;
us Nr Channel s;
us Subf raneSi ze;
us Bi t Resol uti on;
} USBD_AC _STREAM | NTF_I NFG,

Structure members

Member Description
MaxPacket Si ze Maximum packet size of the endpoint.
Specifies the interval of the endpoint in micro frames
I nt erval Exp

(125us): Interval = 2/ nterval Exp

Number of audio channels. If not specified in the audio
description file, contains 0.

Number of byte for a single audio sample (one channel). If
not specified in the audio description file, contains 0.

Nr Channel s

SubframeSi ze

Number of relevant bits in a single audio sample. If not

Bi t Resol ution specified in the audio description file, contains 0.
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17.4.2.3 USBD_AC_RX_CTX

Description

Contains all information about an active interface receiving audio data. The public part
of this structure must be initialized by the application before passed to the function
USBD _AC OpenRXStrean() . The data must remain valid and must not be modified by the
application while the stream is open and used.

Type definition

typedef struct {

ul6 I nterface;

ul6 Fl ags;

typedef void ( * pf SOFCal | back((void * pCtx);
Ul6 Feedbackl nterval ;

USBD_AC RX_CALLBACK * pf Cal | back;

USBD_AC_RX_DATA RxDat a;

} USBD_AC_RX_CTX;

Structure members

Member Description
I nterface Index of the audio interface, see generated
USBD _AC | NTERFACE ... defines.
Fl ags Reserved for future extensions, must be set to 0.
pf SOFCal | back Internal use.
Interval (Number of SOFs) used for calling pf SOFCal | back.
Feedbackl nt er val Measured in units of 1ms for full-speed / 125us in high-
speed.
Function that is called when data was received from the host
pf Cal | back , / :
or a ‘close’ event or timeout has occurred on the stream.
RxDat a Data transfer information.
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17.4.2.4 USBD_AC_RX_DATA

Description

This structure is used to forward audio data to the application.

Type definition

typedef struct {
void * pBuffer;
u32 NunByt es;
Ul6 NurmPacket s;
Ul6 Ti meout ;
void * pUser Cont ext;
} USBD_AC _RX_DATA;

Structure members

Member

Description

pBuf f er

Pointer to the buffer which is used to receive audio data. The
buffer must be provided by the application and must have

a size of at least the maximum packet size of the currently
selected audio stream endpoint, rounded up to a multiple

of 4 or a multiple of the cache line size of the system. To
achieve best performance the buffer should be word aligned
or cache aligned if the system is using a data cache. Must be
initialized before calling USBD_AC OpenRXStrean() (within
USBD _AC RX CTX) and in the pf Cal | back function before it
returns.

NunByt es

Must be initialized by the application to the size of the
buffer ‘pBuf f er . When the function pf Cal | back is called, it
contains the number of bytes actually received.

NunPacket s

Must be initialized by the application to the maximum
number of audio packets that are read into the buffer before
the application is notified via the callback function. When
the function pf Cal | back is called, it contains the number of
packets actually received.

Ti meout

Ti meout in units of SOFs (1ms for full-speed / 125us
in high-speed). If no packets were received within
the specified time, the application is notified with a
USBD_AC_EVENT_TI MOUT event. A value of 0 means no
timeout.

pUser Cont ext

Can be arbitrarily used by the application.
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17.4.2.5 USBD_AC_TX_CTX

Description

Contains all information about an active interface for sending audio data. The public
part of this structure must be initialized by the application before passed to the function
USBD _AC OpenTXStrean(). The data must remain valid and must not be modified by the
application while the stream is open and used.

Type definition

typedef struct {
uUl6
uUl6
uUl6
uUl6

I nterface;
Fl ags;
Sanpl eSi ze;
Ti meout ;

USBD_AC TX_CALLBACK * pf Cal | back;

voi d
} USBD_AC TX_CTX;

Structure members

* pUser Cont ext ;

Member Description

I nterface Index of the audio interface, see generated
USBD _AC | NTERFACE ... defines.

Fl ags Reserved for future extensions, must be set to 0.
Number of bytes for a single audio sample (all channels).

Sanpl eSi ze The value is not required (and is ignored) if only single audio
packets is send via USBD_AD Send() .
Ti meout in units of SOFs (1ms for full-speed / 125us in high-

Ti meout speed). If no packets were send within the specified time,
the application is notified with a USBD_AC_EVENT_TI MOUT
event. A value of 0 means no timeout.

f Cal | back Function that is called when data was send to the host or a
P ‘close’ event or timeout has occurred on the stream.
pUser Cont ext Can be arbitrarily used by the application.
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17.4.2.6 USBD_AC_CONTROL_INFO

Description
This structure contains information about the type of a control request.

Type definition

typedef struct {
U32 1D
us bRequest ;
us Channel Nunber ;
} USBD_AC _CONTROL_I NFQ,

Structure members

Member Description

Request | D: Bits 20..16 contain the interface index (0 =
control interface, 1,... = streaming interfaces) Bits 15..8
I D contain the unit / terminal / entity I D. Is set to OxFF if
recipient is the endpoint. Bits 7..0 contain the control
selector.

Audio Class-Specific Request Code, see USB_AC REQ...
defines.

Channel Nunber Internal use.

bRequest
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17.4.2.7 USBD_AC_EVENT

Description
Event types for RX / TX callback functions.

Type definition

typedef enum {
USBD_AC_EVENT_DATA RECEI VED,
USBD_AC _EVENT_DATA_SEND,
USBD_AC_EVENT_TI MOUT,
USBD_AC_EVENT_CLOSED

} USBD_AC EVENT;

Enumeration constants

Constant Description
USBD AC EVENT_DATA RECHD®EDwas read from the host.
USBD_AC_EVENT_DATA SENData was send to the host.
USBD AC EVENT _TI MOUT | Timeout on read or write.
USBD _AC _EVENT_CLOSED | Interface was closed by the host.

emUSB-Device User Guide & Reference Manual © 2010-2026 SEGGER Microcontroller GmbH



603 CHAPTER 17 Target API

17.4.3 Function definitions

17.4.3.1 USBD_AC_SET ALT INTERFACE

Description

Definition of the callback which is called when the hosts sets an alternate setting on an
audio interface. This callback is called in interrupt context and must not block.

Type definition

t ypedef void USBD_AC SET_ALT_I| NTERFACE(unsi gned | nterfaceNo,
unsi gned NewAl t Setting);

Parameters
Parameter Description
| nterf aceNo Number of the audio streaming interface. Corresponds to the
USBD _AC | NTERFACE ... defines.
NewAl t Setti ng Alternate setting selected by the host.
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17.4.3.2 USBD_AC_CONTROL_GET_FUNC

Description

Definition of the callback which is called when an audio control get requests is received.
This callback is called in interrupt context and must not block.

Type definition

typedef int USBD _AC CONTROL_GET_FUNC(const USBD_AC _CONTROL_I NFO * pReql nf o,

us * pBuffer);
Parameters
Parameter Description
pReql nfo Contains information about the type of the control request.
Pointer to a buffer into which the callback should write the
pBuf f er
reply (max. 64 bytes).

Return value

=20 Audio control request was handled by the callback and response data was put
into pBuf f er. The callback function must return the length of the response data
which will be send to the host.

<0 Audio control request was not handled by the callback (i.e. illegal request or
parameters). The stack will STALL the request.
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17.4.3.3 USBD_AC_CONTROL_SET_FUNC

Description

Definition of the callback which is called when an audio control set requests is received.
This callback is called in interrupt context and must not block.

Type definition

typedef int USBD_AC CONTROL_SET_FUNC(const USBD_AC CONTROL_I NFO * pReql nf o,

u32 NunByt es,
const U8 * pBuffer);
Parameters
Parameter Description
pReql nfo Contains information about the type of the control request.
NunByt es Number of bytes in pBuf f er .
pBuf f er Pointer to a buffer containing the request data.

Return value

=0
#0

emUSB-Device User Guide & Reference Manual

Audio control request was handled by the callback.
Audio control request was not handled by the callback (i.e. illegal request or
parameters). The stack will STALL the request.
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17.4.3.4 USBD_AC_RX_CALLBACK

Description

Definition of the callback which is called when audio data was received from the host.
pRxDat a->Numbytes bytes of data were received into pRxDat a->pBuffer. The function
must reinitialize the members pBuf f er, NumBytes and MaxPackets before it returns. This
callback is called in interrupt context and must not block. The audio data must not be
processed inside this function, instead a task should be triggered that does the audio
processing and this function should return as fast as possible. After this function has
returned, the next USB transfer is started immediately. Therefore the member ‘pBuf f er’
should be initialized to point to a different buffer to avoid overwriting the data just received
(double buffering mechanism is recommended).

Type definition

typedef void USBD_AC RX_CALLBACK( USBD_AC_EVENT Event,
USBD_AC _RX_DATA * pRxDat a);
Parameters
Parameter Description
Event Event occurred on the audio stream.
RxDat a Pointer to a USBD_AC RX DATA structure. The contents is
P valid only, if Event = USBD_AC _EVENT_DATA RECEI VED.
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17.4.3.5 USBD_AC_TX_CALLBACK

Description

Definition of the callback which is called when audio data was send to the host. The function
should initiate to send more data.

Type definition

typedef void USBD AC TX_ CALLBACK( USBD_AC EVENT Event,
const void * pDat a,
voi d * pUser Cont ext);
Parameters
Parameter Description
Event Event occurred on the audio stream.

Pointer to the data send, that was provided to the
USBD_AC Send() function.

pCont ext Pointer from the USBD AC RX_ CTX structure.

pDat a
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Chapter 18

Legacy Audio 1.0

This chapter gives a general overview of the legacy Audio class and describes how to
get the Audio component running on the target. If designing new audio applications, it’s
recommended to use the new Audio class.
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18.1 Overview

Note

For new audio applications the new Audio class should be used, even for Audio 1.0,
see Audio on page 566.

The USB Audio device class is a USB class protocol which can be used to transfer sound
data from a device to a host and vice versa.

Audio is supported by most operating systems out of the box and the installation of
additional drivers is not required.
emUSB-Device-Audio comes as a complete package and contains the following:

e Generic USB handling
e USB Audio V1 device class implementation
e Sample application showing how to work with Audio
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18.2 Introduction

SEGGER’s implementation of the Audio class V1.0 is designed with minimal resource usage
in mind, especially targeted to embedded devices. The implementation supports the usage
of a “speaker” (input/output audio terminal with a feature terminal for controls) and a
“microphone” (input/output audio terminal).

The speaker and microphone can be used independently of each other, both can be enabled
at the same time allowing audio transfer in either direction (headset-like operation).

The Audio class supports adaptive synchronization for OUT endpoints and asynchronous
synchronization for IN endpoints, synchronous synchronization type for both directions,
commands SET_CUR, GET_CUR, SET_M N, GET_M N, SET_MAX, GET_MAX, SET_RES, GET_RES,
for the speaker interface feature unit controls are supported (volume, mute, etc.).

Warning

emUSB-Device-Audio does not provide drivers/codecs for any audio peripherals,
writing a driver to interface with the audio hardware is the responsibility of the
customer.

With emUSB-Device-Audio Audio data is transferred in the PCM encoding. The Audio class
transfers multiple audio samples in a single packet. In the following sample the audio class
is configured with 2 channels (stereo) and 16 bit data per channel:

USB Audio Packet
e -

Sample 1 Sample 2 Sample n

= N ~—
A EIAOERE EEEE

e e N e
ch.1 ch.2 ch.1 ch.2

The length of a complete audio packet is equal to the bits per sample rounded up to bytes,
multiplied by the number of channels and the sample rate, then divided by 1000 as a packet
is sent every millisecond. For a sample rate of 48000, 16 bits per sample, 2 channels the
calculation is as follows:

48000 * 16/8 * 2 / 1000 = 192 bytes
For a sample rate of 44100, 16 bits per sample, 2 channels the calculation is as follows:
44100 * 16/8 * 2 / 1000 = 176.4 bytes

Since we can not transfer 0.4 bytes the audio packets need to be 176 bytes (44 samples)
and each 10th packet (sample size divided by the remainder: 4 / 0.4) should contain 45
samples (180 bytes) to make sure the sample rate remains at 44100.

Note

On macOS (tested with Big Sur) when a device is using USB high-speed for an audio
device the speaker interface will not be shown, unless the ISO endpoint type of the
out endpoint is "USB_| SO SYNC TYPE_ ASYNCHRONQUS". Microphone interfaces are not
affected.
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18.3 Configuration

18.3.1 Initial configuration

To get emUSB-Device-Audio up and running as well as doing an initial test, the configuration
as delivered with the sample application should not be modified.

18.3.2 Final configuration

The configuration must only be modified when emUSB-Device is integrated in your final
product. Refer to section emUSB-Device Configuration on page 50 for detailed information
about the generic information functions which have to be adapted.

Windows

Windows systems save the audio settings for each USB Audio device inside the Windows
registry (interfaces, number of channels, sub-frame-size, bit resolution and sample
frequency). These values are saved for the USB Vendor ID and the USB Product ID. When
a device with the same USB Vendor ID and USB Product ID enumerates a second time
the audio settings are checked against the saved values inside the Windows registry. If
the settings do not match the device will not function (Windows will not request any audio
data from it).

It is not known why Windows behaves this way, other operating systems are not affected.

When developing a USB Audio device and experimenting with different sample rates, bit
resolutions, etc. it is advised to remove the device from the registry after each change to
the audio settings or to use a different USB product ID after every change.

18.3.3 Using the microphone interface

When using the microphone sample applications with a PC it is not immediately clear
whether they work as the PC only receives the audio data. To listen to the data being
sent from the target running emUSB-Device-Audio to your PC it is necessary to enable a
loopback mode which will transfer the audio data from the microphone interface to the
physical speakers connected to your PC.

Linux

This guide assumes you are using pulse audio.

e Make sure the device running emUSB-Device-Audio microphone sample is selected as
the default sound input device.

e Make sure your speakers (or headphones) are selected as the default sound output
device.
Run pactl/ load-module module-loopback to enable loopback.
At this point your should hear the sound being produced by the microphone sample.

e You can run pact!/ unload-module module-loopback to disable the loopback mode.

Windows
e Make sure your speakers (or headphones) are selected as the default sound output
device.

e In the sound configuration of the device running emUSB-Device-Audio microphone
sample tick the “Listen to this device” checkbox and click “Apply”.
e At this point your should hear the sound being produced by the microphone sample.
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&

1% Sound ':q Microphone Properties =]

-Playba(k Recording | Sounds ICommunimﬁnns |General| Listen ‘Levels | Advanced

Select a recording device below to modify its settings:

You can listen to a portable music player or other device through

o Microphone E ?:i;dtd;((r':phonejack. If you connect a microphone, you may hear
X, 3- Audio Control =
i@ Default Device = o
> Microphone -y = B
g h Definition Audio
- {!J din Listen to this device
Line In Playback through this device:
Realtek High Definition Audio -
w (E} Mot plugged in [Default Playback Device -
Realtek Digital Input Power Management
Ef:‘tl'l High Definition Audio @) Continue running when on battery power
() Disable automatically to save power

Mac

At the time of writing no built-in way of looping back audio is known. But there are a couple
of third party applications out there which can enable loopback mode for macOS.

18.3.4 Using the speaker interface

When using the speaker sample applications the PC merely needs to be configured to use
the device running emUSB-Device-Audio as the default output sound device.
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CHAPTER 18 Target API

Function

Description

API functions

USBD_AUDI O_Add()

Adds an Audio interface to the USB stack.

USBD_AUDI O_Read_Task()

Task function of the Audio component
which processes data received from host.

USBD_AUDI O Wite Task()

Task function of the Audio component
which processes data sent to the host.

USBD AUDI O Start Pl ay()

Starts providing audio data to the host
using the microphone terminal of the audio
class.

USBD_AUDI O _St op_PI ay()

Stops providing audio data to the host.

USBD _AUDI O Start _Listen()

Starts receiving audio data from the host
using the speaker terminal of the audio
class.

USBD_AUDI O Stop_Listen()

Stops receiving audio data from the host.

USBD_AUDI O Set _Ti meout s()

Sets the timeouts used by the
USBD_AUDI O Read_Task() and

USBD AUDI O Wite Task() when listen/
play is active.

Data structures

USBD_AUDI O_| NI T_DATA

Initialization data for the Audio class
instance.

USBD_AUDI O_| F_CONF

Initialization structure for an audio
microphone/speaker interface.

USBD_AUDI O_FORVAT

Initialization data for a single audio
format.

USBD_AUDI O_UNI TS

This structure contains IDs used for a
particular audio interface.

Function definitions

USBD_AUDI O_TX_FUNC

Definition of the callback which is called
when audio data is sent.

USBD_AUDI O_RX_FUNC

Definition of the callback which is called
when audio data is received.

USBD_AUDI O_CONTROL_FUNC

Definition of the callback which is called
when audio commands are received.

emUSB-Device User Guide & Reference Manual
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18.4.1 APIfunctions

18.4.1.1 USBD_AUDIO_Add()

Description
Adds an Audio interface to the USB stack.

Prototype
USBD_AUDI O HANDLE USBD_AUDI O Add(const USBD_AUDI O | NI T_DATA * pl nitData);
Parameters
Parameter Description
Pointer to a USBD_AUDI O _| NI T_DATA structure containing
| ni t Dat a values for the initialization. This structure’s memory must
P remain available while the audio class is being used. The
application should not put this structure on the stack.

Return value
USBD_AUDI O HANDLE - Handle for the added Audio instance.

Additional information

After the initialization of USB core, this is the first function that needs to be called when
an Audio interface is used with emUSB-Device. The structure USBD_AUDI O_| NI T_DATA has
to be initialized before USBD AUDI O Add() is called. Refer to USBD AUDI O | NI T_DATA for
more information.

For the Audio component to be functional one or both of the following functions have to be
created as a task: USBD_AUDI O Read_Task(), USBD _AUDI O Wite_Task().
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18.4.1.2 USBD_AUDIO_Read_Task()

Description

Task function of the Audio component which processes data received from host. Handles
operations of the speaker interface. Has to be created as a separate task.

Prototype

voi d USBD_AUDI O Read_Task(voi d);

Additional information

Only necessary if the speaker interface is used. The function returns only when
USBD Del ni t () is called.
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18.4.1.3 USBD_AUDIO_ Write Task()

Description

Task function of the Audio component which processes data sent to the host. Handles
operations of the microphone interface. Has to be created as a separate task.

Prototype

voi d USBD _AUDI O Wite_Task(void);

Additional information

Only necessary if the microphone interface is used. The function returns only when
USBD Del ni t () is called.
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18.4.1.4 USBD_AUDIO_Start_Play()

Description

Starts providing audio data to the host using the microphone terminal of the audio class.

Prototype
int USBD AUDI O Start _Pl ay( USBD_AUDI O HANDLE  hl nst,
const U8 * pBufln);
Parameters
Parameter Description
hl nst Handle to a valid Audio instance, returned by
USBD_AUDI O _Add() .
Buf I N Buffer initially used with IN transfers (microphone interface).
P Can be changed inside the USBD_AUDI O _TX_FUNC callback.

Return value

=0 Success.
<0 An error occurred.

Additional information

This function enables the registered TX user function ( USBD_AUDI O TX FUNC ). The callback
is called after every successful transfer and should move the buffer pointer to the next audio
packet accordingly or fill the same buffer with new data. The callback is called in an interrupt
context. The execution of the callback together with the internal routines must never take
longer than 1 millisecond because the audio class must send one packet every millisecond.
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18.4.1.5 USBD_AUDIO_ Stop_Play()

Description
Stops providing audio data to the host.

Prototype
voi d USBD_AUDI O_St op_Pl ay( USBD_AUDI O HANDLE hl nst ) ;
Parameters
Parameter Description
hl nst Handle to a valid Audio instance, returned by
USBD_AUDI O_Add() .
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18.4.1.6 USBD_AUDIO_Start_Listen()

Description

Starts receiving audio data from the host using the speaker terminal of the audio class.

Prototype
int USBD _AUDI O Start _Listen(USBD AUDI O HANDLE  hli nst,
us * pBuf Qut);
Parameters
Parameter Description
hl nst Handle to a valid Audio instance, returned by
USBD_AUDI O_Add() .
Buf Qut Buffer initially used with OUT transfers (speaker interface).
P Can be changed inside the USBD_AUDI O _RX_FUNC callback.

Return value

=0 Success.
<0 An error occurred.

Additional information

This function enables the registered user callback function ( USBD_AUDI O RX_FUNC ) which
is called before the host sends data to the target. Inside the callback you may read the
received data. The callback is called in an interrupt context. The execution of the callback
together with the internal routines must never take longer than 1 millisecond because the
audio class must send one packet every millisecond.
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18.4.1.7 USBD_AUDIO_Stop_Listen()

Description

Stops receiving audio data from the host.

Prototype
voi d USBD_AUDI O_St op_Li st en( USBD_AUDI O HANDLE hl nst) ;
Parameters
Parameter Description
hl nst Handle to a valid Audio instance, returned by
USBD_AUDI O_Add() .

emUSB-Device User Guide & Reference Manual © 2010-2026 SEGGER Microcontroller GmbH



621 CHAPTER 18 Target API

18.4.1.8 USBD_AUDIO_Set _Timeouts()

Description

Sets the timeouts used by the USBD AUDI O Read_Task() and USBD AUDI O Wite Task()
when listen/play is active.

Prototype
voi d USBD_AUDI O_Set _Ti meout s( USBD_AUDI O HANDLE hl nst,
unsi gned ReadTi neout ,
unsi gned WiteTi meout);
Parameters
Parameter Description
hl nst Handle to a valid Audio instance, returned by
USBD_AUDI O_Add() .
ReadTi nmeout Read (OUT) timeout in milliseconds.
Wit eTi meout Write (IN) timeout in milliseconds.
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18.4.2 Data structures

18.4.2.1 USBD_AUDIO_INIT_DATA

Description

Initialization data for the Audio class instance.

Type definition

typedef struct {

us EPI n;
us EPQut ;
unsi gned Qut Packet Si ze;
USBD_AUDI O_RX_FUNC * pfOnQut ;
USBD_AUDI O _TX_FUNC * pfOnln;
USBD_AUDI O CONTROL_FUNC * pfOnControl ;
voi d * pContr ol User Cont ext ;
us Num nt er f aces;
const USBD _AUDI O | F_CONF * pal nterfaces;
voi d * pQut User Cont ext ;
voi d * pl nUser Cont ext ;
} USBD_AUDI O | NI T_DATA,
Structure members
Member Description
EPI N Isochronous IN endpoint for sending data to the host. If
microphone functionality is not desired set this to 0.
EPQuL Isochronous OUT endpoint for receiving data from the host.

If speaker functionality is not desired set this to 0.

Size of a single audio OUT packet. Must be calculated as
Qut Packet Si ze follows: (highest used) SampleRate * NumChannels *
BitsPerSample / 8 / 1000

Pointer to a function of type USBD_AUDI O_RX_FUNC which
pf OnQut handles incoming audio data. Needs to be set when the
speaker interface is used.

Pointer to a function of type USBD_AUDI O TX FUNC which
pf Onl n handles outgoing audio data. Needs to be set when the
microphone interface is used.

Pointer to a function of type USBD_AUDI O CONTRCOL_FUNC
which handles audio commands. Always needs to be set.

pf OnCont r ol

Pointer to a user context which is passed to the pf OnContr ol

pControl User Cont ext function. Optional, can be NULL.

Numl nt er f aces Number of elements in the pal nt er f aces array.

Pointer to an array of structures of type
pal nt er f aces USBD_AUDI O | F_CONF which contain configuration data for
the audio interfaces.

Pointer to a user context which is passed to the pf OnCut

pQut User Cont ext function. Optional, can be NULL.

Pointer to a user context which is passed to the pf Onl n

Pl nUser Cont ext function. Optional, can be NULL.
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18.4.2.2 USBD_AUDIO_IF_CONF

Description

Initialization structure for an audio microphone/speaker interface. Only one speaker and
one microphone is supported.

Type definition

typedef struct {

us Fl ags;

us Control s;

us Tot al Nr Channel s;
us NurFor mat s;
const USBD_AUDI O FORMAT * paFor mats;

ul6 bnmChannel Confi g;
Ul6 Ter m nal Type;
USBD_AUDI O UNI TS * pUnits;

} USBD_AUDI O | F_CONF;

Structure members

Member Description

Fl ags Reserved. Set to zero.

Bitmask, a bit set to 1 indicates that the mentioned Control
is supported:

e b0: Mute

e bl: Volume

e b2: Bass
Controls e b3: Mid

e b4: Treble

e b5: Graphic Equalizer

e b6: Automatic Gain

e Db7: Delay
Tot al Nr Channel s Number of audio channels for this interface.
NumnfFor mat s Number of elements inside the paFor mat s array.
paFor mat s Pointer to any array of USBD_AUDI O FORMAT structures.

Bit map indicating the spatial locations of channels.
Important: this value should not be left at 0 to avoid an
issue with Windows. The bits correspond to the following
locations:

e DbO0: Left Front (L)

b1l: Right Front (R)

b2: Center Front (C)

b3: Low Frequency Enhancement (LFE)

b4: Left Surround (LS)

b5: Right Surround (RS)

b6: Left of Center (LC)

b7: Right of Center (RC)

b8: Surround (S)

b9: Side Left (SL)

b10: Side Right (SR)

bl1l: Top (T)

e Dbl5..12: Reserved

Channels are assigned to locations in ascending oder. E.g.
if b6 and b11 are set and the other bits are zero channel 0
will be "LC" and channel 1 will be “T"”. Having more channels
than bits set in this bit map is valid, the channels which
do not have a bit set will be considered to have a non-
predefined spatial position.

bnChannel Confi g
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Member

Description

Ter m nal Type

Defines the type of speaker/microphone for this interface.
Only one speaker and one microphone is supported! The
following defines can be used:

USB_AUDI O TERMTYPE_| NPUT_UNDEFI NED
USB_AUDI O_TERMTYPE_| NPUT_M CROPHONE

USB_AUDI O_TERMTYPE_| NPUT_DESKTOP_M CROPHONE
USB_AUDI O_TERMTYPE_| NPUT_PERSONAL_M CROPHONE
USB_AUDI O_TERMTYPE_| NPUT_OWNI _ DI RECTI ONAL_M CROPH
USB_AUDI O_TERMTYPE_| NPUT_M CROPHONE_ARRAY

USB_AUDI O_TERMTYPE_| NPUT_PROCESSI NG_M CROPHONE_AR
USB_AUDI O_TERMTI'YPE_OUTPUT_UNDEFI NED

USB_AUDI O_TERMTI'YPE_OUTPUT_SPEAKER

USB_AUDI O_TERMTI'YPE_OUTPUT _HEADPHONES

USB_AUDI O_TERMTI'YPE_OUTPUT_HEAD MOUNTED DI SPLAY_AU
USB_AUDI O_TERMI'YPE_OUTPUT_DESKTOP_SPEAKER

USB_AUDI O_TERMTI'YPE_OUTPUT_ROOM SPEAKER

USB_AUDI O_TERMT'YPE_OUTPUT_COMMUNI CATI ON_SPEAKER
USB_AUDI O_TERMTI'YPE_OUTPUT _LOW FREQUENCY EFFECTS_S

ONE

RAY

D

O

PEAKER

pUnits

Pointer to a structure of type USBD_AUDI O UNI TS. This
structure is filled by the emUSB-Device Audio class during
initialization.
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18.4.2.3 USBD_AUDIO_FORMAT

Description

Initialization data for a single audio format.

Type definition

typedef struct {
us Fl ags;
us Nr Channel s;
us SubFr aneSi ze;
us Bi t Resol uti on;
U32 Sanfr eq;

} USBD_AUDI O_FORMAT;

Structure members

Member Description
Fl ags Reserved. Set to zero.

Number of channels in this format. Muster never be greater
than USBD_AUDI O | F_CONF->TotalNrChannels While it is

Nr Channel s possible to configure less then the total number of channels
for a format most host operating systems do not support
such configurations.

Size of an audio frame in bytes. Must be able to hold
Bi t Resol uti on bits.

Number of bits inside the audio frame dedicated to audio
data. (Any remaining bits are padding.)

SubFr ameSi ze

Bi t Resol uti on

Sanfr eq Supported sample frequency in Hz.
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18.4.2.4 USBD_AUDIO_UNITS

Description

This structure contains IDs used for a particular audio interface. The application should
leave those values at zero, they are set by the stack after USBD _AUDI O Add() has been

called.

Type definition

typedef struct {

&

us
us
us
us
us

Fl ags;

I nt erfaceNo;

Al tlnterfaceNo;

| nput Ter m nal | D
Qut put Term nal | D;
FeatureUnit! D,

} USBD_AUDI O UNI TS;

Structure members

Member

Description

Fl ags

Reserved. Set to zero.

I nterfaceNo

USB Interface number of the audio interface. Set by the
emUSB-Device stack.

Al tlnterfaceNo

Alternate setting number of the USB interface. Set by the
emUSB-Device stack.

| nput Termi nal I D

ID of the input terminal. Set by the emUSB-Device stack.

Qut put Term nal I D

ID of the output terminal. Set by the emUSB-Device stack.

FeatureUnitl D

ID of the feature unit. Set by the emUSB-Device stack.
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18.4.3 Function definitions

18.4.3.1 USBD_AUDIO_TX_FUNC

Description

Definition of the callback which is called when audio data is sent. This callback is called in
the context of USBD AUDI O Wite_ Task()

Type definition

typedef void USBD_AUDI O _TX_ FUNC( voi d * pUser Cont ext,
const U8 * * ppNextBuffer,
U32 * pNext Packet Si ze);

Parameters
Parameter Description
pUser Cont ext User context which is passed to the callback.

Buffer containing audio samples which should match the
configuration from microphone USBD_AUDI O_| F_CONF.
Initially this points to the pBuf I n from the call to

USBD AUDI O Start Pl ay function. The user can change this
pointer to a different buffer which will be used in the next
transaction or fill the same buffer with new data.

ppNext Buf f er

pNext Buf f er Si ze Size of the next buffer.

Example

static void _cbOnln(void * pUserCont ext,
const U3 ** ppNext Buf fer,
U32 * pNext Packet Si ze) {
USB_MEMCPY( _pBuf M c, _pDat aSource, PACKET _SIZE IN);
*ppNext Buf f er _pBuf M c;
*pNext Packet Si ze PACKET_SI ZE_I N;

}
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18.4.3.2 USBD_AUDIO_RX_FUNC

Description

Definition of the callback which is called when audio data is received. This callback is called
in the context of USBD_AUDI O Read_Task() . The default timeout is 50 milliseconds.

Type definition

typedef void USBD_AUDI O RX_FUNC(voi d * pUser Cont ext,

Parameters

i nt NunByt esRecei ved,
uUg * * ppNext Buffer,
U32 * pNextBufferSize);

Parameter

Description

pUser Cont ext

User context which is passed to the callback.

NunByt esRecei ved

The number of bytes which have been read in this
transaction.

ppNext Buf f er

Buffer containing audio samples which should match the
configuration from speaker USBD_AUDI O | F_CONF. Initially
this points to the pBuf Qut from the USBD_AUDI O | NI T_DATA
structure. The user can change this pointer to a different
buffer which will be used in the next transaction or leave it
as it is and copy the data from this buffer elsewhere.

pNext Buf f er Si ze

Size of the next buffer.

emUSB-Device User Guide & Reference Manual © 2010-2026 SEGGER Microcontroller GmbH



629 CHAPTER 18 Target API

Example

static U8 _acBuf 1[ BUFFER_SI ZE] ;
static U8 _acBuf 2[ BUFFER_SI ZE] ;
static U8 * _pBuf;

static U8 * _pBuf Conpl ete;

static U32 _NunByteslnFul | Buf fer;
static U32 _NunByteslnBuffer;

/'l Receive call back function.
static void _cbOnQut(void * pUser Context,
i nt NunByt esRecei ved,
U8 ** ppNext Buf fer,
U32 * pNextBufferSize) {
char MBEvent;

/1

/1l Check if the next_transfer would still fit into the buffer.

/1 If not - switch the buffer.

/1

if ((_NunmByteslnBuffer + NumBytesReceived + PACKET_SI ZE OUT) > BUFFER_SIZE) {
/1
/1 Switch buffers.
/1

if (_CurrentBuffer == 1) {
_CurrentBuffer = 2;
_pBuf = _acBuf 2;
} else {
_CurrentBuffer = 1;
_pBuf = _acBuf1;
}
_NunByt esl nFul | Buf fer = _NunByt esl nBuffer + NunBytesRecei ved;
_NunByt esl nBuf fer = O;
MBEvent = BUFFER FULL;
I
/1 Notify the task that a buffer is full.
I
i f (OS_PutMail Cond1( & Mail Box, &WVBEvent) != 0) {
printf("M ssed packet.");
}

} else {
_pBuf += NunByt esRecei ved;
_NunmByt esl nBuf f er += NunByt esRecei ved,;

}
*ppNext Buf fer = _pBuf;

}
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18.4.3.3 USBD_AUDIO_CONTROL_FUNC

Description

Definition of the callback which is called when audio commands are received. This callback
is called in an interrupt context.

Type definition

typedef int USBD_AUDI O CONTROL_FUNC(voi d * pUser Cont ext,

us Event ,
us Unit,
us Cont r ol Sel ect or,
us * pBuffer,
u32 NunByt es,
us I nt er f aceNo,
us AltSetting);
Parameters
Parameter Description
pUser Cont ext User context which is passed to the callback.
Event Audio event ID.
Uni t ID of the feature unit. In case of USB_AUDI O PLAYBACK *

and USB_AUDI O_RECORD_*: 0.

ID of the control. In case of USB_AUDI O PLAYBACK_ * and

Control Sel ect or USB_AUDI O_RECORD_*: 0.

In case of GET events: pointer to a buffer into which the
callback should write the reply. In case of SET events:
pointer to a buffer containing the command value. In case of
USB_AUDI O PLAYBACK_* and USB_AUDI O RECORD *: NULL.

In case of GET events: requested size of the reply in bytes.
NunByt es In case of SET events: number of bytes in pBuf f er. In case
of USB_AUDI O PLAYBACK * and USB_AUDI O RECORD *: 0.

The number of the USB interface for which the event was
issued.

pBuf f er

I nt er f aceNo

The alternative setting number of the USB interface for

Al tSetting which the event was issued.

Return value

=0 Audio command was handled by the callback. The stack will send the reply.
*0 Audio command was not handled by the callback. The stack will STALL the
request.

Additional information

USB_AUDI O PLAYBACK * & USB_AUDI O RECORD * events are sent upon receiving a Set
Interface USB request for Alternate Setting 1 for the respective interface (microphone or
speaker). By default an Audio interface is set to Alternative Setting 0 in which it can not send
or receive anything. The host switches the Alternative Setting to 1 when it has to send data
to the device, this can be e.g. triggered by pressing “play” in your music player. Normally the
host should switch the device back to Alternative Interface 0 when it has stopped sending
audio data. This works well on Linux and OS X, but does not work reliably on Windows. When
using Windows as a host it seems to depend on the application whether these events are
generated or not. E.g. with some applications you will receive USB_AUDI O_PLAYBACK START
when “play” is pressed, but USB_AUDI O_PLAYBACK_STOP will not be sent when “pause” or
“stop” is pressed. Relying on these events to check when the host has stopped sending data
is not advised, instead set timeouts via USBD_AUDI O _Set _Ti neout s and check for timeouts
inside your USBD_AUDI O_RX_FUNC and USBD_AUDI O TX_FUNC .
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Example

/1 Control callback function.

static int _cbOnControl (void * pUser Cont ext,
U8 Event,
U8 Unit,
U8 Control Sel ector,
us * pBuffer,
U32 NunBytes) ({

int r;

r =0;
switch (Event) {
case USB_AUDI O SET_CUR
switch (Control Sel ector) {
case USB_AUDI O MUTE CONTROL:
if (*pBuffer == 1) {
_SetMute(1);
} else {
_Set Mut e(0);
}
br eak;
defaul t:
r = 1;
br eak;
}
br eak;
<...>
<handl e ot her conmmands>
<...>

}

return r;
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Chapter 19
USB Video device Class (UVC)

This chapter gives a general overview of the UVC class and describes how to get the UVC
component running on the target.
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19.1 Overview

The USB video device class (UVC) is a USB class protocol which can be used to transfer
video data from a device to a host.

UVC is supported by most operating systems out of the box and the installation of additional
drivers is not required.
emUSB-Device-UVC comes as a complete package and contains the following:

e Generic USB handling
e USB video device class implementation
e Sample application showing how to work with UVC
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19.2 Configuration

19.2.1 Initial configuration

To get emUSB-Device-UVC up and running as well as doing an initial test, the configuration
as delivered with the sample application should not be modified.

19.2.1.1 Uncompressed video format

Video data is transmitted using emUSB-Device Video in the uncompressed format. YUYV422
is the specific format used by the USB video device class. The format uses luminance (the
brightness) and chrominance (the coloration) to display pictures. This is best explained by
taking a look at the actual data, the first 8 bytes of a YUYV422 frame are defined as follows:

1 byte luminance of the first pixel (Y)

1 byte chrominance (blue) of the first and second pixel (U)
1 byte luminance of the second pixel (Y)

1 byte chrominance (red) of the first and second pixel (V)
1 byte luminance of the third pixel (Y)

1 byte chrominance (blue) of the third and fourth pixel (U)
1 byte luminance of the fourth pixel (Y)

1 byte chrominance (red) of the third and fourth pixel (V)

Using 1 byte for the chrominance of two pixels allows this format to save a byte per pixel
when compared to the common RGB format (2 pixels YUYV422 - 4 bytes, 2 pixels RGB888
- 6 bytes).

Data must be provided in the YUYV422 format when using USBD UWC Wite() or
USBD_UVC Wit eEx().

19.2.2 Final configuration

The configuration must only be modified when emUSB-Device is integrated in your final
product. Refer to section emUSB-Device Configuration on page 50 for detailed information
about the generic information functions which have to be adapted.
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19.3 Target API

Target API

Function

Description

API functions

USBD_UVC_Add()

Adds a UVC interface to the USB stack.

USBD_UVC Wi te()

Writes frame data to the host.

USBD_UVC Wi t eEx()

Writes frame data to the host using single
packets.

USBD UVC Set OnResol uti onChange()

Allows to set a callback which is called
when the host changes the resolution of
the UVC frame.

Data structures

USBD_UVC | NI T_DATA

Initialization data for UVC interface.

USBD_UVC_BUFFER

Structure which contains information about
the UVC ring buffer.

USBD_UVC_DATA BUFFER

Structure which contains values for a
single buffer.

USBD_UVC_RESOLUTI ON

Structure describing a valid image
resolution.

Function prototypes

USB_UVC_ON_RESOLUTI ON_CHANGE

Callback function description which is set
via USBD_UWVC Set OnResol uti onChange() .
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19.3.1 APIfunctions
19.3.1.1 USBD _UVC_Add()

Description
Adds a UVC interface to the USB stack.

Prototype
int USBD_UVC_Add(const USBD_UVC_I NI T_DATA * plnitData);
Parameters
Parameter Description
| ni t Dat a Pointer to a USBD_UVC | NI T_DATA structure containing
P values for the initialization of the UVC module.

Return value

0 - Successfully added. 1 - An error occurred.

Additional information

After the initialization of USB core, this is the first function that needs to be called when
a UVC interface is used with emUSB-Device. The structure USBD UVC | NI T_DATA has to
be initialized before USBD UVC Add() is called. Refer to USBD WC | NI T_DATA for more
information.
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19.3.1.2 USBD_UVC_Write()
Description
Writes frame data to the host.
Prototype
int USBD UVC Wite(const U8 * pDat a,
unsi gned NunByt es,
us User Fl ags) ;
Parameters
Parameter Description
pDat a Pointer to a buffer containing the frame data.
NunByt es Number of bytes in the buffer.
Flags to be added to the frame. Following flags are currently
User Fl ags supported:
9 e USBD WC END OF FRAME - Should be set with the last
USBD WWC Wite() call for a single frame.

Return value

0 - All data written to the buffer. -1 - An error occurred (device disconnected).

Additional information

It is up to the application how much data it provides through this function, but providing
a buffer containing a whole video frame will cause the least overhead. The application has
to set the flag USBD_UVC_END_OF FRAME when the last data part of a frame was written via
USBD _WC Wi te(). Internally this function will write data into the buffers which have been
initialized by the call to USBD_UVC_Add() . This allows for the buffers to be filled with video
data before data is requested by the host application. The data transmission itself happens

inside an interrupt triggered event callback inside the UVC module.

With every transmission the UVC module must add a payload header to the transfer.
Therefore if the application needs to achieve maximum throughput the application should

write MaxPacketSize - USBD_UVC_PAYLOAD HEADER Sl ZE chunks.
Do not mix usage of USBD_UVC Wite() and USBD_UVC WiteEx().

Example

Sample describing a write operation where a frame is entirely available in a single buffer:

USBD WC Wite(h, Wol eFranme, sizeof (Wl eFrane), USBD UWC END OF FRAME);

Sample describing a write operation where a frame is only available in chunks:

U32 NunByt esAt Once;
U32 NunBytesTot al ;
Us Fl ags;

NumByt esTotal = 153600; // Fixed frane size.
NumByt esAt Once = SEGGER M N(si zeof (Smal | Buf fer), NunmBytesTotal);
Fl ags = 0;
while (NunmBytesTotal) ({
USBD WC Wite(h, SmallBuffer, NunmBytesAtOnce, Flags);
NumByt esTot al -= NunByt esAt Once;
NumByt esAt Once = SEGGER M N(si zeof (Snal | Buf fer), NunBytesTotal);
if (NunBytesTotal <= sizeof(SmallBuffer)) {

Fl ags = USBD UVC END OF FRAME; // This will be the last wite for this frane.

}

© 2010-2026 SEGGER Microcontroller GmbH




639 CHAPTER 19 Target API

emUSB-Device User Guide & Reference Manual © 2010-2026 SEGGER Microcontroller GmbH



640 CHAPTER 19 Target API

19.3.1.3 USBD_UVC_WriteEx()

Description

Writes frame data to the host using single packets.

Prototype
int USBD UWWC WiteEx(Us * pDat a,
unsi gned NunByt es,
us User Fl ags) ;
Parameters
Parameter Description

Pointer to a buffer containing the frame data. The buffer
pDat a must provide USBD UVC PAYLOAD HEADER Sl ZE bytes space
at the start of the buffer.

Size of the buffer. Must only contain one packet, up to a

NumByt es maximum size of USB_HS_| SO HB_MAX_PACKET Sl ZE.
Flags to be added to the frame. Following flags are currently
User Fl ags supported:

e USBD WC END OF FRAME - Should be set with the last
USBD WWC Wite() call for a single frame.

Return value

0 - All data written to the buffer. -1 - An error occurred (device disconnected).

Additional information

This version of the write routine is optimized to be used with DMA capable targets. But
can also speed up transfers with regular drivers. This write routine does not copy the UVC
packet data internally, but sends it from the user buffer directly. When using DMA and
cache the buffer should be aligned to a cache line boundary. The buffer must provide space
(USBD_UVC_PAYLOAD HEADER Sl ZE bytes) at the start of the buffer for the UVC module to
insert the UVC packet header. The application must insert the video data after the header.
The UVC module will automatically insert the correct header information and send the whole
buffer to the host.
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19.3.1.4 USBD_UVC_SetOnResolutionChange()

Description

Allows to set a callback which is called when the host changes the resolution of the UVC
frame. The callback receives a frame index, which is a direct mapping of the aResolutions
array in USBD_UVC | NI T_DATA.

Prototype
voi d USBD_UVC_Set OnResol ut i onChange( USB_UVC_ON_RESCLUTI ON_CHANGE * pf OnResChange);
Parameters
Parameter Description
pf OnResChange User callback of type USB_UVC ON_RESOLUTI ON_CHANGE .
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19.3.2 Data structures

19.3.2.1 USBD_UVC_INIT_DATA

Description

Initialization data for UVC interface.

Type definition

typedef struct {

us EPI n;

USBD_UVC BUFFER * pBuf ;

const USBD_UVC RESCLUTI ON * aResol uti ons;

us NunResol uti ons;

us Still Capt ureMet hod;
us Fl ags;
USBD_UVC_CONTROLS * Controls;

} USBD_WC_ I NI T_DATA;

Structure members

Member Description
EPI n Isochronous IN endpoint for sending data to the host.
pBuf Pointer to a USBD_UVC BUFFER structure.
aResol utions Pointer to an array of USBD_UVC RESOLUTI ON structures.
NunResol uti ons Number of elements inside the aResol uti ons array.

Method of “still image capture” to use. Valid values:

e 1 - The host software will extract the next available
video frame. (default)

e 2 - When the host requests a still image a callback

will be called which has to provide a new (still) image frame.
It only makes sense to use this method if your data source
is able to provide better quality still images than the default
quality of the video stream.

Still CapturelMet hod

Various flags. Valid bits:
e USBD WC USE BULK MOXDE - In this mode UVC uses bulk

Fl ags )
endpoints
instead of isochronous endpoints.
Pointer to a structure of type USBD _UVC CONTROLS. The
Controls

structure memory must remain available to the UVC class.

Additional information

This structure holds the endpoint that should be used by the UVC interface (EPI n). Refer
to USBD_AddEPEx() for more information about how to add an endpoint.
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19.3.2.2 USBD_UVC_BUFFER

Description

Structure which contains

Type definition

typedef struct {
USBD_UVC DATA BUFFER
vol atile U8
us
us
us

} USBD_UWVC BUFFER

Structure members

information about the UVC ring buffer.

Buf[];
NunBl ocksl n;
RdPos;
W Pos;
Fl ags;

Member Description
Buf Array of USBD_WVC DATA BUFFER elements.
NunBl ocksln Number of currently used buffers.
RdPos Buffer read position.
W Pos Buffer write position.
Used by the UVC module automatically. Do not modify. 1 -
Fl ags -
WriteEx used.

Additional information

The number of buffers can be set with the USBD UVC NUM BUFFERS define. Generally the
user does not have to interact with this structure, but he has to provide the memory for it.
When USBD _UVC USE BULK MODE is used USBD UWVC NUM BUFFERS can be reduced to 1.
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19.3.2.3 USBD_UVC_DATA_ BUFFER

Description

Structure which contains values for a single buffer.

Type definition

typedef struct {

us * pDat a;

unsi gned NunBytesln;
us Fl ags;

us Franel D;

} USBD_WC_DATA BUFFER

Structure members

Member Description
Pointer to a data buffer. When USBD WC Wite() is used
Dat a the user must set this pointer to a valid buffer of size

P USBD_UVC_DATA BUFFER_SI ZE. When USBD_WC Wit eEx() is
used the user must not modify this value.

NunByt esl n Size of the packet.

Fl ags FI ags which will be sent with the packet.

Framel D ID of the frame.

Additional information

The size of the buffers can be set with the USBD_UVC_DATA BUFFER_SI ZE define. Ideally it
should match the MaxPacketSize for the isochronous endpoint.
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19.3.2.4 USBD_UVC_RESOLUTION

Description

Structure describing a valid image resolution.
Type definition
typedef struct {

unsi gned Wdth;

unsi gned Hei ght;
} USBD_UVC_RESOLUTI ON;

Structure members

Target API

Member

Description

W dt h W dt h in pixels.

Hei ght Hei ght in pixels.
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19.3.3 Function prototypes
19.3.3.1 USB_UVC_ON_RESOLUTION_CHANGE

Description
Callback function description which is set via USBD_UVC Set OnResol ut i onChange() .

Type definition
typedef void USB_UVC _ON_RESOLUTI ON_CHANGE(unsi gned Franel ndex);

Parameters
Parameter Description
Fr anel ndex 1-based index of the frame resolution.

emUSB-Device User Guide & Reference Manual © 2010-2026 SEGGER Microcontroller GmbH



Chapter 20

Device Firmware Upgrade
(DFU)

This chapter gives a general overview of the DFU class and describes how to get the DFU
component running on the target.
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20.1 Overview
The Device Firmware Upgrade class (DFU) is a USB class protocol which can be used to
download and upload firmware images to and from a device.

emUSB-Device-DFU comes as a complete package and contains the following:

e Generic USB handling
USB DFU class implementation (version 1.1)
e Sample application showing how to work with DFU

DFU is supported on most operating systems by common tools like df u-util, see dfu-
util.sourceforge.net.

20.1.1 Using DFU on Windows

In order to get emUSB DFU running with the WinUSB driver the function
USBD _DFU Set MsDescl nf o() must be called in the target application.

Microsoft’s Windows operating systems (Starting with XP Service Pack 2) contains a generic
driver called WinUSB.sys that is used to handle all communication to a emUSB-Device
running a DFU interface. If such device is connected to a Windows 8, 8.1 and 10 PC for
the first time, Windows will install the WinUSB driver automatically. For Windows versions
less than Windows 8, Microsoft provides a driver for Windows Vista and Windows 7 but this
needs to be installed manually. A driver installation tool including the mentioned driver is
available in the W ndows\ USB\ Bul k\ W nUSBI nst al | . Windows XP user can use the driver
package located under W ndows\ USB\ Bul k\ W nUSB_USBBul k_XP.

Additionally the correct driver may not be loaded on Windows 7 systems because of an
issue in the USB 3.0 stack of Windows 7, see Issues on Windows 7 on page 718.
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20.2 Configuration

20.2.1 Dual configuration mode

Typically a device that supports DFU has to provide two different configurations. It starts up
in runtime mode with the DFU interface and other interfaces used for normal operation of
the device. In this configuration the device does not allow download or upload of firmware
files.

If the host sends a DFU detach request, the device has to reconfigure to DFU mode, usually
providing only a single DFU interface. DFU mode may for example be implemented by
running a bootloader build into the device. In order to switch to DFU mode after receiving
the detach request from the host, the device has to shutdown and de-initialize the USB stack
and start-up it again using the DFU configuration. Then firmware files can be downloaded.

This procedure is compliant to the USB Device Firmware Upgrade class specification. See
sample application USB DFU Start.c.

20.2.2 Single configuration

However, some DFU capable devices do not offer two configurations. Instead they are
always in runtime mode, but allow up- and download of firmware files without changing the
configuration. emUSB-Device DFU class also supports this behavior which is called '‘Mixed
Mode’, see sample application USB_DFU M xedMbde_Start. c.
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20.3 Target API

Target API

Function

Description

API functions

USBD_DFU_Add()

Adds a DFU class interface.

USBD_DFU_Add_RunTi me()

Adds a DFU class interface for runtime
mode only.

USBD DFU AddAl ternatel nterface()

Adds an alternative interface to the DFU
configuration.

USBD_DFU_Set MsDescl nf o()

Enables use of Microsoft OS Descriptors.

USBD_DFU_Set Pol | Ti meout ()

Set the poll timeout to be reported to
the host on the next GET_STATUS setup
request.

USBD_DFU_Ack()

Acknowledge download data received via
the USBD_DFU_DOWNLOAD function.

USBD DFU Set Error ()

Signal an error to the host.

USBD DFU Mani f est Conpl t ()

Must be called by the application after the
new firmware was installed successfully.

USBD DFU Cet St at usReqCnt ()

Return the number of times, the host
has requested a status after calling
one of the functions USBD_DFU_Ack(),
USBD_DFU_Mani f est Conpl t () or
USBD_DFU_Get St at usReqCnt () .

USBD DFU Get Al ternat eSetting()

Returns the alternate interface setting that
was set by the host.

Data structures

USB_DFU_I NI T_DATA

Initialization data for the DFU interface.

Function prototypes

USBD_DFU_DETACH_REQUEST

Callback function is called when the host
requests a DETACH, prompting the device
to enter DFU mode.

USBD_DFU_DOWNLOAD

Callback function to handle download data
to the application that was received from
the host.

USBD_DFU_UPLOAD

Callback function to get upload data to be
transferred to the host.
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20.3.1 API functions

20.3.1.1 USBD_DFU_Add()

Description

Adds a DFU class interface.

Prototype
voi d USBD_DFU _Add(const USB_DFU | NIl T_DATA * plnitData);
Parameters
Parameter Description
pl ni t Dat a Pointer to USB_DFU | NI T_DATA structure.
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20.3.1.2 USBD DFU_Add_RunTime()

Description

Adds a DFU class interface for runtime mode only. Using this function results in a smaller
footprint than USBD _DFU_Add() .

Prototype
voi d USBD_DFU_Add_RunTi me(const USB_DFU_| NI T_DATA * plnitData);
Parameters
Parameter Description
| ni t Dat a Pointer to USB_DFU | NI T_DATA structure. The field ‘Mode’
P must be set to USB_DFU_MODE_RUNTI ME.
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20.3.1.3 USBD _DFU_AddAlternatelnterface()

Description

Adds an alternative interface to the DFU configuration. Must be called after USBD DFU_Add()
and before USBD St art (). This function must not be called in runtime only mode.

Prototype
voi d USBD _DFU AddAl ternat el nterface(const char * plnterfaceNane);
Parameters
Parameter Description
Pointer to a string containing the name of the alternate
pl nt er f aceNane interface. The pointer must remain valid during all USB
operations (until USBD Del nit () is called).
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20.3.1.4 USBD _DFU_SetMSDesclInfo()

Description

Enables use of Microsoft OS Descriptors. A USB DFU device providing these descriptors is
detected by Windows to be handled by the generic WinUSB driver.

Prototype
voi d USBD_DFU_Set MSDescl nf o(voi d);

Additional information

This function must be called after the call to the function USBD DFU Add() and before
USBD_Start().
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20.3.1.5 USBD DFU_SetPollTimeout()

Description
Set the poll timeout to be reported to the host on the next GET_STATUS setup request.

Prototype
voi d USBD_DFU_Set Pol | Ti meout (U32 Pol | Ti meout) ;
Parameters
Parameter Description
Pol I Ti neout Poll timeout in milliseconds.
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20.3.1.6 USBD_DFU_Ack()

Description
Acknowledge download data received via the USBD _DFU_DOWLQAD function.

Prototype

voi d USBD_DFU_Ack(voi d);
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20.3.1.7 USBD _DFU_SetError()

Description

Signal an error to the host. Can be called by the application at any time. The device will
respond with that error on the next ‘Get Status’ request from the host.

Prototype
voi d USBD_DFU_Set Err or (USB_DFU_ERROR_STATE Err);
Parameters
Parameter Description
Err Error code.
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20.3.1.8 USBD _DFU_ManifestComplt()

Description

Must be called by the application after the new firmware was installed successfully.

Prototype

voi d USBD_DFU_Mani f est Conpl t (voi d);
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20.3.1.9 USBD DFU_GetStatusReqCnt()

Description

Return the number of times, the host has requested a status after
calling one of the functions USBD DFU Ack(), USBD DFU ManifestConplt() or
USBD DFU Cet St at usReqCnt () .

Prototype

unsi gned USBD_DFU_Get St at usReqCnt (voi d) ;
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20.3.1.10 USBD_DFU_GetAlternateSetting()

Description

Returns the alternate interface setting that was set by the host.

Prototype

unsi gned USBD_DFU_Get Al ternateSetting(void);

Return value

e 0 - No alternate interface was selected by the host.
e 1..n - Number of alternate interface selected by the host.
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20.3.2 Data structures

20.3.2.1 USB_DFU_INIT_DATA

Description
Initialization data for the DFU interface.
Type definition

typedef struct {

I8 Mode;
us Attributes;
Ul6 Det achTi meout ;
Ul6 TransferSi ze;
Ul6 Fl ags;
const char * pl nterfaceNane;
USBD_DFU_DETACH _REQUEST * pf Det achRequest ;
USBD_DFU_DOMNLOAD * pf Downl oad;
us * pBuffer;
USBD_DFU_UPLOAD * pf Upl oad:;

} USB_DFU_ | NI T_DATA;

Structure members

Member Description

Operation mode of the DFU interface:
USB_DFU_MODE_RUNTI ME: The interface is in runtime mode
only. Download of firmware data is not supported.

Mode USB_DFU_MODE_DFU: The interface is in DFU mode.
USB_DFU_MODE_M XED: The interface is in runtime mode
but allows download of firmware data in this mode.

. Bit mask containing the DFU attributes. Combination of the

Attributes

USB_DFU_ATTR ... flags.

Time, in milliseconds, that the device will wait after receipt
of the DFU_DETACH request.

Maximum number of bytes that the device can accept per
control-write transaction.

Fl ags RFU. Must be 0.
pl nt er f aceNane Name of the interface. Optional, may be NULL.

Det achTi neout

Transfer Si ze

Pointer to the callback function to request a detach. Used for

pf Det achRequest Mbde = USB_DFU_MODE_RUNTI ME only.

Pointer to the callback function to receive download data.

pf Downl oad Used for Mbde # USB_DFU_MODE_RUNTI NE only.
Buf f er Pointer to a buffer to store download data. The size of the
P buffer must be 'Tr ansf er Si ze’ bytes.
of Upl oad Pointer to the callback function to get upload data. Optional.

Used for Mode # USB_DFU_MODE_RUNTI ME only.
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20.3.3 Function prototypes

20.3.3.1 USBD_DFU_DETACH_REQUEST

Description

Callback function is called when the host requests a DETACH, prompting the device to enter
DFU mode. This function is executed in interrupt context. The detach and/or reinitialization
must not be performed inside this function. Instead this function should only trigger a task
to perform the required operation.

Type definition

typedef void USBD _DFU DETACH REQUEST(UL6 Ti neout);

Parameters

Parameter

Description

Ti meout

Ti meout provided by the host.
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20.3.3.2 USBD_DFU_DOWNLOAD

Description

Callback function to handle download data to the application that was received from the
host. The function is called in interrupt context and should return as fast as possible.
Especially flash programming must not be done within this function. If NunByt es = 0, the
application must respond either with a call to USBD _DFU_Ack() if the data could be processed
successfully or by calling USBD DFU Set Error () if an error occurred. These functions need
not to be called from the USBD DFU DOMNLOAD function, but may be called later after
processing the data. The host will wait for either USBD_DFU Ack() or USBD DFU Set Error ()
before starting another download.

Type definition

typedef void USBD_DFU DOMLOAD(i nt NunByt es,
Ul6 Bl ockNum ;

Parameters
Parameter Description

Number of bytes received from the host. The data is stored
in the buffer provided by USB_DFU | NI T_DATA. pBuffer. A

NunByt es value of 0 indicates the end of the data to be downloaded.
A negative value means that the host has aborted the
download.

Bl ockNum Block sequence number provided by the host.
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20.3.3.3 USBD_DFU_UPLOAD

Description

Callback function to get upload data to be transferred to the host. The function is called in
interrupt context and should return as fast as possible.

Type definition

typedef int USBD_DFU_UPLQAD( i nt bStart,
uUl6 Bl ockNum
Ul6 NunByt es,
const U8 ** ppData);

Parameters
Parameter Description
bSt art 1 = Start upload, 0 = continue upload.
Bl ockNum Block sequence number provided by the host.
NunByt es Number of bytes requested by the host.
ppDat a Pointer to the data to be transfered to the host.

Return value

Size of the data provided by the function (in bytes). A value < NunBytes (including 0)
indicate the last part of the data. A negative value indicates an error. In case of an error,
the function should also call USBD DFU Set Error ().
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Musical Instrument Digital
Interface (MIDI)

This chapter gives a general overview of the Musical Instrument Digital Interface class and
describes how to get the MIDI component running on the target.
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21.1 Overview

The USB MIDI device class is a subclass of the USB audio class. Despite being a subclass of
the audio class the protocol is almost entirely different. The MIDI class is able to transfer
MIDI commands and MIDI data from a device to a host and vice versa.

MIDI is supported by most operating systems out of the box and the installation of additional
drivers is not required.
emUSB-Device-MIDI comes as a complete package and contains the following:

e Generic USB handling
e USB MIDI V1.0 device class implementation
e Sample application showing how to work with MIDI

emUSB-Device User Guide & Reference Manual © 2010-2026 SEGGER Microcontroller GmbH



667 CHAPTER 21 Introduction

21.2 Introduction

SEGGER’s implementation of the MIDI class V1.0 is designed with minimal resource usage in
mind, especially targeted to embedded devices. The implementation supports an arbitrary
jack configuration as well as writing USB MIDI packets from a MIDI stream and receiving

USB MIDI from a host.
The following graphic describes the basic structure of a USB MIDI packet.

MIDI Packet

=
bolkolAlD

T Ny
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Below the MIDI commands “note ON” and “note OFF” can be seen in their decoded form.

USB MIDI Packets
—tll} e

Packet 1 Packet?2 Packet n

e Y et =

09(190|BAIRD| |08([80|BA||18

M b b M e N M N

{Gx18: velocity value
Xx3A: Music note “A#3"
x80: 0 - MIDI channel ©

8 - CIN “Note OFF”

Ox08: 8 - CIN “Note OFF”

O - Cable Index 0

—Ox2D: velocity value
Ox3A: Music note “A#3"
0x90: 0@ - MIDI channel ©
9 - CIN “Note ON”"
Ox09: 9 - CIN “Note ON”
® - Cable Index 0
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21.3 Configuration

21.3.1 Initial configuration

To get emUSB-Device-MIDI up and running as well as doing an initial test, the configuration
as delivered with the sample application should not be modified.

21.3.2 Final configuration

The configuration must only be modified when emUSB-Device is integrated in your final
product. Refer to section emUSB-Device Configuration on page 50 for detailed information
about the generic information functions which have to be adapted.

21.3.3 Testing MIDI on different operating systems

Linux
Install the third-party amidi command-line utility.

e Connect the device and call amidi -1, you should see a list of connected MIDI devices:

Dir Device Nane
IO hw.2,0,0 MD device MD 1

e Using the device name you can either send data to the device or receive data from
the device.
Sending:
amidi -p hw2,0,0 -S '90 4E 30 80 4E 30' // 90 - Note on
/| 4E - Note "F#5"
/1 30 - Velocity val ue
/1l 80 - Note off

/1 4E - Note "F#5"
/1 30 - Velocity val ue

Receiving:
amdi -p hw2,0,0 -d
Windows

On Windows a third-party utility such as MIDI-OX can be used to monitor MIDI events.

Mac

On macOS a third-party utility such as Snoize MIDI Monitor can be used to monitor MIDI
events.
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21.4 Target API

Target API

Function

Description

API functions

USBD M DI _I nit ()

Initialize the MIDI component.

USBD_M DI _Add()

Adds a MIDI class interface to the USB
stack.

USBD M DI _Recei vePacket s()

Receives USB MIDI packets from the host.

USBD_M DI _CGet NunPacket sI nBuf f er ()

Returns the number of MIDI packets that
are available in the internal OUT endpoint
buffer.

USBD_M DI _Convert Packet s()

Converts USB MIDI packets to pure MIDI
commands by stripping the USB header.

USBD M DI _WitePackets()

Writes USB MIDI packets to the host.

USBD M DI _WiteStream)

Sends MIDI data to the USB host.

Data structures

USBD_ M DI _| NI T_DATA

Initialization structure that is needed when
adding a MIDI interface to emUSB-Device.

USBD_M DI _JACK

Structure describing a MIDI IN or OUT
jack.

USBD_M DI _PACKET

Structure describing a MIDI packet.
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21.4.1 API functions

21.4.1.1 USBD_MIDI_Init()

Description
Initialize the MIDI component.

Prototype
void USBD_M Dl _Init(void);
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21.4.1.2 USBD_MIDI_Add()

Description
Adds a MIDI class interface to the USB stack.

Prototype
USBD_M DI _HANDLE USBD M DI _Add(const USBD_M DI _I NI T_DATA * plnitData);
Parameters
Parameter Description
pl ni t Dat a Pointer to USBD M DI _| NI T_DATA structure.

Return value

Handle to a valid MIDI instance. The handle of the first MIDI instance is always 0.
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21.4.1.3 USBD_MIDI _ReceivePackets()

Description

Receives USB MIDI packets from the host. The function blocks until any data has been
received or a timeout occurs (if Ti meout = 0). In case of a timeout, the read transfer is
aborted.

Prototype

int USBD M DI _Recei vePacket s(USBD_M DI _HANDLE  hl nst,
USBD_M DI _PACKET * paPacket,

unsi gned NunPacket s,
i nt Ti meout) ;
Parameters
Parameter Description
hl nst Handle to a valid MIDI instance, returned by
USBD M DI _Add() .
paPacket Pointer to an array of USBD M DI _PACKET structures.
NunPacket s Number of packets inside the paPacket array.
Ti meout in milliseconds. 0 means infinite. If Ti meout is
Ti meout -1, the function never blocks and only reads data from the
internal endpoint buffer.

Return value

>0 Number of MIDI packets read.

0 A timeout occurred (if Ti neout > 0), no data in buffer (if Ti neout < 0) or the
target was disconnected during the function call and no data was read so far.
<0 Error occurred.

Additional information

This function also returns when the target is disconnected from the host or when a USB
reset occurred during the function call, it will then return USB_STATUS ERRCR.

Periodically calling this function with timeout = -1 can be used to poll for data.

If the USB stack receives a data packet from the host containing more bytes than requested,
the remaining bytes are stored into the internal buffer of the endpoint, that was provided via
USBD_AddEP() . This data can be retrieved by a later call to USBD_M DI _Recei vePacket s() .
See also USBD_M DI _Get NunPacket sl nBuf fer ().
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21.4.1.4 USBD_MIDI_GetNumPacketsinBuffer()

Description

Returns the number of MIDI packets that are available in the internal OUT endpoint buffer.

Prototype
unsi gned USBD_M DI _CGet NunPacket sl nBuf f er (USBD_M DI _HANDLE hl nst);
Parameters
Parameter Description
hl nst Handle to a valid MIDI instance, returned by
USBD_M DI _Add() .

Return value

Number of packets that are available in the internal OUT endpoint buffer.

Additional information

If the host is sending more data than your target application has requested, the remaining
data will be stored in an internal buffer. This function shows how many bytes are available
in this buffer.

The number of packets returned by this function can be read using
USBD_M DI _Recei vePacket s() .
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21.4.1.5 USBD_MIDI _ConvertPackets()

Description

Converts USB MIDI packets to pure MIDI commands by stripping the USB header. USB
MIDI packets are usually provided through the use of the USBD M DI _Recei vePacket s()

function.
Prototype
int USBD M DI _Convert Packet s(const USBD M DI _PACKET * paPacket,
unsi gned NunPacket s,
us * pBuf);
Parameters
Parameter Description
paPacket Pointer to an array of USBD_M DI _PACKET structures.
NunPacket s Number of packets inside the paPacket array.
Buf Buffer to write the MIDI commands into. The buffer must be
P 3 * NunPacket s bytes large.

Return value

=20 Number of MIDI packets converted.
<0 Error occurred.

Additional information

The jack ID is lost in this conversion. When using multiple jacks the user should take care
not to mix packets addressed to different jacks.
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21.4.1.6 USBD_MIDI_WritePackets()

Description

Writes USB MIDI packets to the host. Unlike with USBD M DI _WiteStream) the user
must set the correct values for the USB MIDI header (CIN and jack ID) as these are not
automatically filled in.

Prototype
int USBD M DI _WitePackets( USBD M DI _HANDLE  hl nst,
const USBD M DI _PACKET * paPacket,
unsi gned NunPacket s,
i nt Ti meout) ;
Parameters
Parameter Description
hl nst Handle to a valid MIDI instance, returned by

USBD_M DI _Add() .

Pointer to an array of USBD M DI _ PACKET structures. The
paPacket user must fill all fields. For MIDI events which do not use all
3 MIDI bytes the user must fill the unused bytes with zeroes.

NunPacket s Number of packets inside the paPacket array.
Ti meout Ti meout in milliseconds. 0 means infinite.

Return value

>0 Number of written USB MIDI packets.
=0 A timeout occurred (if Ti meout > 0).
<0 Error occurred.

Additional information

This function also returns when the target is disconnected from the host or when a USB
reset occurred during the function call, it will then return USB_STATUS ERRCR.
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21.4.1.7 USBD_MIDI_WriteStream()

Description

Sends MIDI data to the USB host. This function accepts a stream of MIDI commands
and automatically adds the necessary USB MIDI header byte. Depending on the Ti neout
parameter, the function may block until NunByt es have been written or a timeout occurs.

Prototype
int USBDMD _WiteStrean USBD M DI _HANDLE  hl nst,
us Jackl D,
const U8 * pDat a,
unsi gned NurByt es,
i nt Ti meout ) ;
Parameters
Parameter Description
hl nst Handle to a valid MIDI instance, returned by
USBD M DI _Add() .
Jackl D Jack ID to use.
pDat a Data that should be written.
NunByt es Number of bytes to write.
Ti meout Ti meout in milliseconds. 0 means infinite.

Return value

=0 Ti meout has occurred and no data was written.

> 0 && < NunByt es Number of bytes that have been written before a timeout
occurred.

= NunByt es Write transfer successful completed.

<0 Error occurred.

Additional information

This function also returns when the target is disconnected from host or when a USB reset
occurred.
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21.4.2 Data structures

21.4.2.1 USBD_MIDI_INIT_DATA

Description

Initialization structure that is needed when adding a MIDI interface to emUSB-Device.

Type definition

typedef struct {

ul6 Fl ags;

us EPI n;

us EPCut ;
const USBD M DI _JACK * paJdackLi st;
unsi gned Numjacks;

} USBD M DI _|I NI T_DATA;

Structure members

Member Description
Fl ags Reserved for future use, must be 0.
EPI n Bulk IN endpoint for sending data to the host.
EPQut Bulk OUT endpoint for receiving data from the host.
padackLi st &%ig:;rcéc.) an array containing all jacks for the MIDI
Numlacks Number of elements inside the paJackLi st array.
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21.4.2.2 USBD_MIDI_JACK

Description
Structure describing a MIDI IN or OUT jack.

Type definition

typedef struct {
JackType;
Jackl D;
JackDir;
Nr I nput Pi ns;
* paSour cel D;
* paSour cePi n;
const char * pJackNane;
} USBD_M DI _JACK;

E55566

Structure members

Member Description
JackTyne USB_AUDI O M DI _EMBEDDED JACK or
yp USB_AUDI O M DI _EXTERNAL_JACK
Jackl D Unique ID for the jack. Must not be zero.
JackDir Jack direction, USB_AUDI O M DI | N JACK or
USB_AUDI O M DI _QOUT_JACK
, For IN jacks - set to zero. For OUT jacks - number of input
Nl nput Pins pins for this MIDI OUT jack.
Only for OUT jacks. Pointer to an array containing the IDs
paSour cel D of the entities to which the pin of this MIDI OUT Jack is
connected.
Only for OUT jacks. Pointer to an array containing the output
paSour cePi n pin numbers of the entities to which the input pins of this
MIDI OUT Jack are connected.
pJackNane String describing the jack. Can be NULL.
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21.4.2.3 USBD_MIDI_PACKET

Description

Structure describing a MIDI packet.

Type definition

typedef struct {

U8 Cabl eNurber _and_CI N;

us MD _0;
U8 MD _1,;
U8 MD _2;
} USBD_M DI _PACKET;

Structure members

Member

Description

Cabl eNunber _and_CI N

b0-b3 - Code Index Number (CIN). b4-b7 - Cable Number
(embedded MIDI Jack ID).

First MIDI byte: b0-b3 - For CIN < 0xF: MIDI channel

MDl _0 number. b4-b7 - Code Index Number (same as in b0-b3 of
Cabl eNunber _and_ClI N).

MD _1 Second MIDI byte - Content depends on CIN.

MDI_2 Third MIDI byte - Content depends on CIN.
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Smart Card Device Class
(CCID)

This chapter gives a general overview of the CCID class.
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22.1 Overview

The Smart Card Device Class (CCID) allows the implementation of CCID compatible smart
card readers. The Integrated Circuit(s) Cards Interface is an abstract USB class protocol
defined by the USB Implementers Forum.

The emUSBD CCID class only handles the transport of CCID commands via USB. Processing
of the smart card commands, including physical access to a smart card (if any) has to be
done by the application.

A typical application will contain a loop, that

e Reads a CCID command from the host using USBD CCl D _Recei veCnd() .
e Processes the command depending on the message type and parameters.
e Sends an answer back to the host using one of the USBD _CCl D _Send...() functions.

emUSB-Device CCID comes as a complete package and contains the following:

e Generic USB handling
e USB CCID class implementation (version 1.1)
e Sample application showing how to implement a simple card reader
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22.2 Target API

Function Description

API functions

USBD CCID Init() Initialize the CCID component.

Adds interface for USB-CCID

USBD_CCI D_Add() communication to emUSB-Device.

USBD _CCI D_Recei veCrd() Receive a CCID command from the host.

Send a response to a CCID
command with message types
USB_CCl D_MSG_| CC_POWER_COFF,
USBD_CCl D_SendSt at us() USB_CCl D_MSG_GET_SLOT_STATUS,
USB_CCI D_MSG_| CC_CLOCK,
USB_CCl D_MSG_TOAPDU or

USB_CCl D_MSG_MECHANI CAL.

Send a response to a CCID command with
message types USB_CCl D_MSG_XFR_BLOCK,
USB_CCl D_MSG_| CC_POWER_ON, or

USB_CCl D_MSG_SECURE.

USBD_CCI D_SendDat aBl ock()

Send a response to a CCID command with

USBD_CCI D_SendEscape() message type USB_CCl D MSG _ESCAPE_CMD.

Send a response to a CCID
USBD_CCI D_SendPar anet er s() command with message type
USB_CCl D_MSG_SET_RATE_AND CLOCK.

Send a response to a CCID
USBD _CCI D_SendDat aRat eAndCl ockFr equencgginmand with message type
USB_CCl D_MSG_SET_RATE_AND_ CLOCK.

Send a notification about a new slot state

USBD_CCI D_Not i fySl ot State() to the host (via interrupt EP).

Send a notification about a hardware error

USBD_CCI D_Noti fyHwEr ror () to the host (via interrupt EP).

Data structures

Initialization structure that is needed when

USB_CCI D_I NI T_DATA adding a CCID interface to emUSB-Device.

USB_CCI D_PROPERTI ES Declares all properties of a CCID device.

Contains information about a CCID

usB_CCl b_CVD command send from the host.

USB_CCl D_PROTOCOL_DATA TO Protocol parameters for T=0 protocol.

USB CCl D PROTOCOL_DATA T1 Protocol parameters for T=1 protocol.

Function prototypes

Callback function to forward a CCID abort

USBD_CCI b_ABORT_CB request from the host to the application.
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22.2.1 API functions

22.2.1.1 USBD_CCID_Init()

Description
Initialize the CCID component.

Prototype
void USBD_CCID_Init(void);
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22.2.1.2 USBD_CCID_Add()

Description
Adds interface for USB-CCID communication to emUSB-Device.

Prototype

voi d USBD_CCl D_Add(const USB_CCID_| NIl T_DATA * plnitData,
const USB_CCI D_PROPERTIES * pProperties);

Parameters
Parameter Description
pl ni t Dat a Pointer to a USB_CCI D_|I NI T_DATA structure.
Pointer to a USB_CCl D_PROPERTI ES containing all properties
pProperties of the CCID device. The pointer must remain valid during all
CCID operations.
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22.2.1.3 USBD _CCID_ReceiveCmd()

Description

Receive a CCID command from the host.

Prototype
int USBD _CCl D_Recei veCnd(USB_CCI D CVMD * pCnd,
unsi gned Buf f Si ze,
us * pBuff,
unsi gned Ti meout) ;
Parameters
Parameter Description
Pointer to a USB_CCl D_CMD structure that will be filled by
pCrrd the function with information about the CCID command
received.
Size of the buffer pointed to by pBuff. If a CCID command
Buff Si ze contains more data bytes than '‘Buf f Si ze’, then only
‘Buf f Si ze’ bytes are copied to the buffer and the remaining
bytes are discarded.
pBuf f Buffer to receive the command data (abData).
Ti meout Ti meout in ms to wait for a CCID command from the host.

Return value

0 Success.
0 A timeout has occurred.
0 An error occurred.

Al V
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22.2.1.4 USBD _CCID_SendStatus()

Description

Send a response to a CCID command with message types USB_CCI D MSG | CC_POAER_OFF,
USB_CCl D_MSG_GET_SLOT_STATUS, USB_CCI D_MSG | CC_CLOCK, USB_CCl D_MSG TOAPDU or
USB_CCl D_MSG_MECHANI CAL.

Prototype
i nt USBD_CCl D_SendSt at us(const USB_CCI D CVMD * pCmd,
us St at us,
us Error,
us Cl ockSt at us) ;
Parameters
Parameter Description
o Pointer to a USB_CCl D_CMD structure returned from a call to
P USBD_CCI D Recei veOnd() .
St at us code. One of the USB_CCI D STATUS CMD .. macros
St at us or'ed together with one of the USB_CCI D_STATUS | CC ..
macros.
Error Error code, if St at us bit USB_CClI D_STATUS CMD_FAI L is set.
e 0: Clock running.
e 1: Clock stopped in state L.
O ocksStatus e 2: Clock stopped in state H.
e 3: Clock stopped in an unknown state.
Return value
>0 Success.
=0 A timeout has occurred.
<0 An error occurred.
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22.2.1.5 USBD_CCID_SendDataBlock()

Description

Send a response to a CCID command with message types USB CCI D MSG XFR BLOCK,
USB_CCl D_MSG_| CC_POWER_ON, or USB_CCl D_MSG_SECURE.

Prototype
i nt USBD_CCl D_SendDat aBl ock(const USB_CCl D _CMVMD * pCnd,
us St at us,
us Error,
us Chai nPar anet er,
unsi gned Dat aLen,
const U8 * pData);
Parameters
Parameter Description
o Pointer to a USB_CCl D_CMD structure returned from a call to
P USBD_CCI D Recei veOnd() .
St at us code. One of the USB_CCI D STATUS CMD .. macros
St at us or'ed together with one of the USB_CCI D_STATUS | CC ..
macros.
Error Error code, if St at us bit USB_CClI D_STATUS CMD_FAI L is set.
For extended APDU level, indicates if the response is
Chai nPar anet er complete, to be continued or if the command APDU can
continue.
Dat aLen Number of data bytes to be returned to the host.
pDat a Pointer to the data to be returned to the host (abData).
Return value
>0 Success.
=0 A timeout has occurred.
<0 An error occurred.
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22.2.1.6 USBD CCID _SendEscape()

Description
Send a response to a CCID command with message type USB _CCl D MSG_ESCAPE_CMD.

Prototype
i nt USBD_CCl D_SendEscape(const USB_CCI D CVMD * pCmd,

us St at us,

us Error,

unsi gned Dat aLen,

const U8 * pData);
Parameters
Parameter Description
o Pointer to a USB_CCl D_CMD structure returned from a call to
P USBD_CCl D_Recei veQd() .
St at us code. One of the USB_CCI D_STATUS CMD .. macros
St at us or'ed together with one of the USB_CCI D_STATUS | CC ..
macros.

Error Error code, if St at us bit USB_CCI D_STATUS CMD FAI L is set.
Dat aLen Number of data bytes to be returned to the host.
pDat a Pointer to the data to be returned to the host (abData).
Return value
>0 Success.
=0 A timeout has occurred.
<0 An error occurred.
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22.2.1.7 USBD _CCID_SendParameters|()

Description

Send a response

to a CCID command with message type

USB_CCl D_MSG_SET_RATE_AND_CLOCK.

Prototype
i nt USBD_CCl D_SendPar anet er s(const USB_CCI D _ CMVMD * pCmd,
us St at us,
us Error,
us Pr ot ocol Num
const void * pProtocol Dat a);
Parameters
Parameter Description
o Pointer to a USB_CCl D_CMD structure returned from a call to
P USBD_OCI D Recei veOnd() .
St at us code. One of the USB_CCI D STATUS _CMD .. macros
St at us or'ed together with one of the USB_CCI D_STATUS | CC ..
macros.
Error Error code, if St at us bit USB_CCI D_STATUS CMD FAI L is set.

Pr ot ocol Num

e 0: Protocol data for T=0
e 1: Protocol data for T=1

pPr ot ocol Dat a

Pointer to the protocol data structure
(USB_CCl D_PROTOCOL_DATA_TO or
USB_CCl D_PROTOCOL_DATA T1)

Return value

Success.

Al V

An error occurred.

0
0 A timeout has occurred.
0
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22.2.1.8 USBD _CCID_SendDataRateAndClockFrequency()

Description

Send a response to a CCID command with message type
USB_CCl D_MSG_SET_RATE_AND_CLOCK.

Prototype

i nt USBD_CCl D_SendDat aRat eAndCl ockFr equency(const USB_CCI D CMVMD * pCnd,
us St at us,
us Error,
u32 Cl ockFrequency,
u32 Dat aRat e) ;

Parameters

Parameter Description
o Pointer to a USB_CCl D_CMD structure returned from a call to
P USBD_OCI D Recei veOnd() .
St at us code. One of the USB_CCI D STATUS _CMD .. macros
St at us or'ed together with one of the USB_CCI D_STATUS | CC ..
macros.

Error Error code, if St at us bit USB_CCI D_STATUS CMD FAI L is set.

Cl ockFrequency Current setting of the ICC clock frequency in KHz.

Dat aRat e Current setting of the ICC data rate in bps.

Return value

>0 Success.

=0 A timeout has occurred.

<0 An error occurred.
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22.2.1.9 USBD_CCID_NotifySlotState()

Description

Send a notification about a new slot state to the host (via interrupt EP).

Prototype

voi d USBD_CCI D_Noti fySl ot St at e(unsi gned Sl ot
unsi gned State);

Parameters

Parameter Description

Sl ot Sl ot index (counting from 0).

New slot state.
State e 0: No ICC present.
e 1: ICC Present.
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22.2.1.10 USBD_CCID_NotifyHwError()

Description

Send a notification about a hardware error to the host (via interrupt EP).

Prototype
voi d USBD_CCl D_Not i f yHwEr r or (unsi gned Sl ot
us SegNum
us Er r or Code) ;
Parameters
Parameter Description
Sl ot Sl ot index (counting from 0).
Sequence number of bulk out command when the hardware
SeqNum
error occurred.
Er r or Code Error code.
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22.2.2 Data structures

22.2.2.1 USB_CCID_INIT_DATA

Description

Initialization structure that is needed when adding a CCID interface to emUSB-Device.

Type definition

typedef struct {

us EPI n;

us EPQut ;
us EPI nt ;
us * pBuff;

USBD_CCl D_ABORT_CB * pf Abort;
} USB_CCI D I NI T_DATA;

Structure members

Member Description
EPI n Endpoint for sending data to the host.
EPQut Endpoint for receiving data from the host.
EPI nt Endpoint for sending notification to the host. Optional, may
be 0.

Buf f Pointer to endpoint buffer for EPI n. Buffer should be able to
P hold one USB packet.
of Abor t Callback function to signal an abort by the host. Optional,

may be NULL.
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22.2.2.2 USB_CCID_PROPERTIES

Description

Declares all properties of a CCID device.

Type definition

typedef struct {

ul6

const U32
const U32

Fl ags;

Nunsl ot s;

Vol t ageSupport;
Protocol s;

NurmCl ocks;

Def aul t d ockl dx;
NunDat aRat es;

Def aul t Dat aRat el dx;
pd ocks;

pDat aRat es;

Max| FSD;

Feat ur es;
MaxMessagelengt h;
Cl assCet Response;
Cl assEnvel ope;
LCDLi nes;

LCDCol ums;

Pl NSupport ;

const char * plnterfaceNane;
} USB_CCI D_PROPERTI ES;

Structure members

Target API

Member Description
Fl ags Reserved for future use, must be 0.
NunSl ot s Number of card slots supported by the device (max. 4).

Vol t ageSupport

Supported voltages, see USB_CCl D_VOLTAGE... macros.

Pr ot ocol s

macros.

Supported protocols (T=0, T=1), see USB_CClI D_PROTOCOL...

NumCl ocks

Number of supported clock rates (number of entries in the
table pointed to by pd ocks). Must be = 1.

Def aul t Cl ockl dx

Index of the default clock within the table pd ocks.

NumDat aRat es

Number of supported data rates (number of entries in the
table pointed to by pDat aRat es). May be 0 to indicate a
range. In this case pDat aRat es must contain 2 entries (min,
max) and Def aul t Dat aRat el dx must be 0.

Def aul t Dat aRat el dx

Index of the default data rate within the table pDat aRat es.

USB_CCl D_FEATURE...

pCl ocks Table of all supported clock rates in KHz in increasing order.
pDat aRat es Table of all supported data rates in bps in increasing order.
Vx| FSD #nzdllcates the maximum IFSD supported by CCID for protocol
This value indicates what intelligent features the CCID has.
Feat ur es The value is a bitwise OR operation performed on the macros

MaxMessagelengt h

Maximum CCID message length.

Cl assGet Response
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Member Description
the transportation of an APDU by T=0 protocol. Value OxFF
indicates that the CCID echoes the class of the APDU.

Significant only for CCID that offers an extended APDU level
for exchanges. Indicates the default class value used by the
Cl assEnvel ope CCID when it sends an Envelope command to perform the
transportation of an extended APDU by T=0 protocol. Value
O0xFF indicates that the CCID echoes the class of the APDU.

LCDLi nes Number of lines of the LCD display. 0 if no display supported.
Number of characters per line of the LCD display. 0 if no

LCDCol umms display supported.
Pl NSupport This value indicates what PIN support features the CCID has.
pl nt er f aceNane Name of the interface.
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22.2.2.3 USB_CCID_CMD

Description

Contains information about

Type definition

typedef struct {
MessageType;
Sl ot ;
SegqNum
Power Sel ect ;
BW ;

C ockComand;
C assVal i d;

Cl assEnvel ope;
Functi on;

unsi gned Datalen;
} USB_CCI D_CMD;

E65556666566

Structure members

a CCID command send from the host.

Level Par anet er ;
Pr ot ocol Nunber ;

Cl assCet Response;

Member Description
MessageType Message type, see USB_CCl D_MSG ... macros.
Sl ot Card slot index (counting from 0).

SegNum Command sequence number.

Power Sel ect

Only valid for message type USB_CCI D_MsG_| CC_PONER_ON.
Contains voltage that is applied to the ICC:
e 0 - Automatic Voltage Selection

e 1-5.0volts
e 2 -3.0volts
e 3-1.8volts.

BW

Only valid for message types USB_CCl D M5G _XFR BLOCK and
USB_CCl D_MSG_SECURE. Used to extend the CCIDs Block
Waiting Timeout for this current transfer. The CCID shall
timeout the block after “this number multiplied by the Block
Waiting Time” has expired.

Level Par anet er

Only valid for message types USB_CCl D MSG XFR BLOCK

and USB_CCl D_MSG_SECURE. Use changes depending on

the exchange level reported by the class descriptor in

dwFeatures field:

e Character level: Size of expected data to be returned by
the bulk-IN endpoint.

e Extended APDU level: Indicates if APDU begins or ends in
this command.

Pr ot ocol Nunmber

Only valid for message types

USB CCl D_MSG_SET PARAMETERS.
e 0: Structure for protocol T=0.
e 1: Structure for protocol T=1.

Cl ockComand

Only valid for message types USB_CCl D_MSG | CC_CLCCK.
e 0: restarts Clock.
e 1: Stops Clock.

Classvalid

Only valid for message types USB_CCl D _MSG TOAPDU. Bit 0
1 indicates, that the field C assGet Response is valid. Bit 1
1 indicates, that the field Cl assEnvel ope is valid.
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Member Description

Only valid for message types USB_CCl D_MSG_TOAPDU. Value
to force the class byte of the header in a Get Response

command. Value = 0xFF indicates that the class byte of the
Get Response command echoes the class byte of the APDU.

Only valid for message types USB_CCl D MSG_TOAPDU.

Value to force the class byte of the header in a Envelope
command. Value = 0xFF indicates that the class byte of the
Envelope command echoes the class byte of the APDU.

Only valid for message types USB_CCl D MSG_MECHANI CAL.
This value corresponds to the mechanical function being
requested:

e 1 - Accept Card.

Cl assGet Response

Cl assEnvel ope

Function e 2 - Eject Card.
e 3 - Capture Card.
e 4 - Lock Card.
e 5 - Unlock Card.
Dat aLen Size of data send with this command.
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22.2.2.4 USB_CCID_PROTOCOL_DATA_TO

Description

Protocol parameters for T=0 protocol.

Type definition

typedef struct {

Fi ndexDi ndex;
TCCKSTO;

Guar dTi meTO;

&

us
us
U3 WiitinglntegerTO;
us

Cl ockSt op;

} USB_CCl D_PROTOCOL_DATA_TO;

Structure members

Target API

Member Description
Fi ndexDi ndex see USB CCID specification.
TCCKSTO see USB CCID specification.
Guar dTi neTO see USB CCID specification.
Wi ti ngl nteger TO see USB CCID specification.
Cl ockSt op see USB CCID specification.
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22.2.25 USB_CCID_PROTOCOL_DATA_T1

Description

Protocol parameters for T=1 protocol.

Type definition

typedef struct {

Fi ndexDi ndex;
TCCKST1;

Guar dTi meT1;

&

Cl ockSt op;
I FSC;

us
us
us
us
us
U8 NadVal ue;

Wi ti ngl ntegerT1;

} USB_CCl D_PROTOCOL_DATA T1;

Structure members

Member Description
Fi ndexDi ndex see USB CCID specification.
TCCKST1 see USB CCID specification.
Guar dTi neT1 see USB CCID specification.
Wi tingl ntegerT1 see USB CCID specification.
Cl ockSt op see USB CCID specification.
| FSC see USB CCID specification.
NadVal ue see USB CCID specification.
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22.2.3 Function prototypes

22.2.3.1 USBD _CCID ABORT CB

Description

Callback function to forward a CCID abort request from the host to the application. The
function is called in interrupt context and should return as fast as possible.

Type definition

typedef void USBD_CCl D_ABORT_CB(U8 Sl ot,

Us SegNum;
Parameters
Parameter Description
Sl ot Card slot index (counting from 0).
SeqNum Sequence number of the command to abort.
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Chapter 23
emUSB-Web add-on

This chapter gives a general overview of the emUSB-Web add-on and describes how to get
the emUSB-Web add-on running on the target.
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23.1 Overview

The emUSB-Web add-on allows users to easily facilitate web-server access via USB.

emUSB-Web uses a PC tool to receive communication requests from a browser application
and forward those via USB to an embedded device without using a TCP/IP stack.

emUSB-Web comes as a complete package and contains the following:

e emUSB-Web embedded sample application containing abstraction for the emWeb web-
server

e emUSB-Web PC tool (Linux / macOS / Windows)
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23.2 Requirements

In order to use emUSB-Web the emUSB BULK component as well as the emWeb web-server
are required.

The emUSB-Web PC application is required:
https://www.segger.com/products/connectivity/emusb-device/add-ons/emusb-web/
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23.3 Configuration

23.3.1 Initial configuration

The emUSB-Web PC application should be started, it will open the default browser and
show a page instructing the user to connect a device running the emUSB-Web embedded
counterpart.

The target device should be programmed with the emUSB-Web embedded application and
connected to the PC.

As soon as a device running emUSB-Web is connected the content of the web page is
automatically substituted for the content provided by the embedded device.

23.3.1.1 emUSB-Web diagram

Linux / macOS / Windows

m

emUSB-Web PC tool

Socket communication
USB Bulk communication

Target running emUSB-Web

emUSB-Device

emWeb web server

23.3.2 emUSB-Web operation in detail

The following chapter describes emUSB-Web internals and is relevant for users who wish
to write their own PC application

The USB web server consists of two parts: a PC application and an embedded application.

The PC application is responsible for opening a socket that a browser can connect to and
forwarding any requests the browser sends to the embedded application via USB.
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The embedded application receives HTTP requests and processes them using the integrated
web server. The response is sent back via USB, received by the PC application, and
forwarded to the browser.

23.3.2.1 Device recognition

In order for the PC application to communicate with the embedded application, it must be
able to identify which USB device it can communicate with. The embedded application must
therefore provide a USB interface with the following characteristics:

USB class ID: 0xFF (Vendor specific)

USB subclass ID: 0x57 (ASCII “W")

USB protocol ID: 0x45 (ASCII “E")

Interface string descriptor must contain the string “http”

23.3.2.2 emUSB-Web protocol

Communication between the PC application and the embedded application works via USB
Bulk. The USB interface should contain one USB bulk IN endpoint and one USB bulk OUT
endpoint.

After enumeration, the embedded application should start listening to commands from the
PC application.

Commands from the PC application are preceded by an 8-byte-long header containing the
following value:

e 4 Bytes "NumBytesDataDown” value indicating the number of data bytes following this
header.

e 2 Bytes “Reservedl” - value reserved for future use.

e 2 Bytes “Reserved2” - value reserved for future use.

After reading the header, the embedded application should pass all following data to the
embedded web server.

The reply from the web server must be sent back to the PC application. The reply must be
preceded by an 8-byte-long header containing the following values:

e 4 Bytes “NumBytesDataUp” value indicating the number of data bytes following this
header.

e 2 Bytes “"RetVal” value. A value of zero indicates that more data will be sent by the web
server for the current HTTP request. A value of 2 indicates that the current HTTP request
will be completed with this transfer and that the PC can start the next HTTP request.

e 2 Bytes “"Reserved” - value reserved for future use.
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Combining USB components
(Multi-Interface)

In some cases, it is necessary to combine different USB components in one device. This
chapter will describe how to do this and which steps are necessary.
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24.1 Overview

The USB specification allows implementation of more than one component (function) in a
single device. This is achieved by combining two or more components. These devices will

be recognized by the USB host as composite device and each component will be recognized
as an independent device.

One device, for example a data logger, can have two components: This device can show
log data files that were stored on a NAND flash through the MSD component. And the

configuration of the data logger can be changed by using a BULK component, CDC
component or even HID component.

Endpoint IN
Endpoint OUT
Endpoint OUT
Endpoint IN

Interface 0 Interface 1
\YR)D) HID

USB
Device
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24.1.1 Single interface device classes

Components can be combined because most USB device classes are based on one interface.
This means that those components describe themselves at the interface descriptor level and
thus makes it easy to combine different or even the same device classes into one device.
Such devices classes are MSD, HID and generic bulk.

Device descriptor

!

Config descriptor

. !
Interface descriptor O: Interface descriptor 1:
< BULK MSD <
c >
i) a
0 =t
g v k. ¥ k. =
L =
EP EP EP EP

24.1.2 Multiple interface device classes

In contrast to the single interfaces classes there are classes with multiple interfaces such
as CDC and AUDIO or VIDEO class. These classes define their class identifier in the device
descriptor. All interface descriptors are recognized as part of the component that is defined
in the device descriptor. This normally would prevent the combination of multiple interface
device classes (for example, CDC) with any other component, but this can be avoided by
using IAD.

24.1.3 |AD class

To remove the limitation described above the USB protocol defines a descriptor type that
allows the combination of single interface device classes with multiple interface device
classes. This descriptor is called an Interface Association Descriptor (IAD). It decouples the
multi-interface class from other interfaces.
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Device descriptor:

IAD flass
Config descriptor
:
IA descriptor (IAD):
CDC
|
2 1
2 | Interface Interface _
S| descO: desc. 1: Interfari:llesgesc, 2:
2| Control Data
I — —
EP EP EP EP EP

T uolpung

Since IAD is an extension to the original USB specification, it is not supported by all hosts,
especially older host software. If IAD is not supported, the device may not be enumerated

correctly.

Supported hosts

At the time of writing, IAD is supported by:

e Windows XP with Service pack 2 and newer
e Linux Kernel 2.6.22 and higher

¢ macOS
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24.2 Configuration

In general, no configuration is required. By default, emUSB-Device supports up to four
interfaces. If more interfaces are needed the following macros must be modified:

CHAPTER 24

Configuration

Type Macro Default Description
. Defines the maximum number of
Numeric | USB_MAX_NUMLI F 4 interfaces emUSB-Device shall handle.
Defines the maximum number of
Numeric USB_MAX_NUM | AD 3 Interface Association Descriptors
emUSB-Device shall handle.
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24.3 How to combine

Combining different single interface emUSB-Device components (Bulk, HID, MSD) is an
easy step, all that needs to be done is calling the appropriate USBD_xxx_Add() function. For
adding the CDC component additional steps need to be taken. For detailed information refer
to emUSB-Device component specific modification on page 716 and check the following

emUSB-Device User Guide & Reference Manual

sample.

Requirements

e Sufficient endpoints for all used device classes. Make sure that your USB device
controller has enough endpoints available to handle all the interfaces that shall be
integrated. The number of endpoints is limited by the USB controller hardware, this

information is usually found in the specific MCU’s reference manual.

Sample application

The following sample application uses embOS as the RTOS. This listing is taken from

USB_Conposit eDevi ce_CDC _MSD. c.

/*********************************************************************

* (c) SEGGER M crocontrol |l er GrbH *
* The Enbedded Experts *
* WWW. segger . com *

Rk S b R IR R S S S b o S R R R kS S S R R o kS I R S R

-------------------------- BN e R T EEEE R

File . USB_ConpositeDevi ce_CDC _MSD. ¢

Purpose : Sanple showing a USB device with multiple interfaces (CDC+MsD).
Thi s sanpl e conbines the functionality of USB _CDC Echo.c
and USB MsSD FS Start.c sanpl es.

Addi tional information:
Prepar ati ons:
For CDC.
On Wndows 8.1 and bel ow the "usbser" driver is not automatically
assigned to the CDC- ACM device. To install the "usbser" driver
see \Wndows\ USB\ CDC . The device can be accessed via COM port
enul ati on programs e.g. PuTTY.

On Linux no drivers are needed, the device should show up as
/dev/ttyACMD or simlar. "sudo screen /dev/ttyACM) 115200
can be used to access the device.

On macOS no drivers are needed, the device should show up as
/dev/tty.usbnodenil3245678 or simlar. The "screen" term nal
program can be used to access the devi ce.

For NSD:

The correct enFile configuration file has

to be included in the project. Depending on the hardware
it can be one of the follow ng:

* FS_Confi gRAMDI sk_23k. c

* FS_Confi gNAND_*. c

* FS_ConfigMVC _Cardvbde_*.c

* FS_Confi gNAND_*. c

Expect ed behavi or:
For CDC.

After connecting the USB cable the PC registers a new COM port appears.

Term nal prograns are able to open the COM port.
Any data sent should be received back fromthe target.

For NSD:
A new MSD vol une is recognized by the PC.
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Sanpl e out put:
The target side does not produce term nal output.

=
/***************************'k*****************************************
*

2 #i ncl ude section

*

EE R IR R R I R IR R I I I R I I I R R R R I I R R I I R R R R I I R I R R I I R S I R I R I Rk I I
=

#i ncl ude "USB. h"

#i ncl ude "USB_CDC. h"

#i ncl ude "BSP. h"

#i ncl ude "USB_MSD. h"

#i ncl ude "FS. h"

#i ncl ude "RTGCS. h"

/*******************'k*************************************************
*
* Static const data
*
R Rk S kS O O S S O R O S I S O O
*/
I
/1 Information that is used during enuneration.
I
static const USB_DEVI CE_I NFO _Devicelnfo = {
0x8765, /1 Vendorld
0x1256, /1 Productld
"Vendor ", /1 Vendor Nanme
"MBD/ CDC Conposite device", // ProductNane
"1234567890ABCDEF" /1 Serial Nunber
it
I
/1 String information used when inquiring the volune 0.
I
static const USB_MSD LUN_INFO _LunOlnfo = {
"Vendor", /1 NMBD Vendor Nane
"MsD Vol une", // MSD Product Nane
"1.00", /1 NMSD Product Ver
" 134657890" /1 NMBD Serial No

DE

/***************************'k*****************************************
*

* Static data

*

R Rk S S I O S O R S R O O I I O
*/

/| Data for MSD Task

static OS_STACKPTR int _aMsDStack[512]; /* Task stacks */

static OS_TASK _MSDTCB; /* Task-control -bl ocks */

/*'k*'k*'k*'k*'k*'k*'k*'k*'k*'k*'k*'k*'k*'k*'k*'k*'k*'k*'k*'k*'k*'k*************************

*

2 Static code

*

Rk S S kS R R S R O IR kS R S R R Rk S S S R R S

*/

/*'k*'k*'k*'k*'k*'k*'k*'k*'k*'k*'k*'k*'k*'k*'k*'k*'k*'k*'k*'k*'k*'k*************************

*

* _AddMsD

*

* Function description

* Add mass storage device to USB stack
*/
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static void _AddMsD(void) {
static U8 _abQutBuffer[ USB_HS BULK MAX PACKET_SI ZE] ;
USB_MSD_| NI T_DATA | ni t Dat a;
USB_MSD_| NST_DATA | nst Dat a;

| ni t Dat a. EPI n USBD AddEP(1, USB_TRANSFER TYPE BULK, 0, NULL, 0);:
I ni t Dat a. EPQut USBD_AddEP(0, USB_TRANSFER TYPE BULK, 0, _abQutBuffer, sizeof(_abQutBuffer));
USBD_MSD_Add( & ni t Dat a) ;

/1

/1 Add logical unit 0: RAMdrive, using SDRAM

/1

nenset (& nstData, 0, sizeof(lnstData));

| nst Dat a. pAPI = &USB _MSD_St or ageBy Nane;
I nstData. Dri verDat a. pStart = (void *)"";

| nst Dat a. pLunl nfo = & LunOI nf o;
USBD_MSD_AddUni t ( & nst Dat a) ;

EE I R O O O O S O S I
_MsDTask

Function description
Add nmass storage device to USB stack

* ok ok ok ke

~

static void _MSDTask(void) {
while (1) {
while ((USBD GetState() & (USB_STAT_CONFI GURED | USB_STAT_SUSPENDED)) !
= USB_STAT_CONFI GURED) {
USB_GS _Del ay(50);

This function is called directly froman ISR in nbst cases.

}
USBD_MSD_Task() ;
}
}
/*********************************************************************
*
* _OnLi neCodi ng
*
* Function description
* Cal | ed whenever a "SetLi neCodi ng" Packet has been received
*
*  Notes
* (1) Context
*
*

~

static void _OnLi neCodi ng(USB_CDC LI NE_CODI NG * pLi neCodi ng) {

#f 0
USBD_Logf _Application("DTERat e=%i, CharFornmat=%, ParityType=%u, DataBits=%
\n",
pLi neCodi ng- >DTERat e,
pLi neCodi ng- >Char For mat ,
pLi neCodi ng- >Pari t yType,
pLi neCodi ng->Dat aBi ts);
#el se
BSP_USE_PARA( pLi neCodi ng) ;
#endi f
}

/*********************************************************************

_AddcDC

Function description
Add communi cation device class to USB stack

E N I A

/

static USB_CDC HANDLE _AddCDC(void) {

static U8 _abQutBuffer[ USB_HS BULK MAX PACKET_SI ZE] ;
USB_CDC_| NI T_DATA | ni t Dat a;
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USB_CDC_HANDLE hl nst ;
| ni t Dat a. EPI n USBD_AddEP(USB DIR I N, USB_TRANSFER TYPE BULK, 0, NULL, 0);

| ni t Dat a. EPOut = USBD AddEP(USB_DI R_OUT, USB_TRANSFER TYPE BULK, 0, _abQutBuffer, USB_HS BULK_
I nitData. EPInt = USBD AddEP(USB DI R IN, USB TRANSFER TYPE INT, 64, NULL, 0);

hl nst = USBD_CDC_Add( &l ni t Dat a) ;

USBD_CDC_Set OnLi neCodi ng( hl nst, _OnLi neCodi ng);

return hlnst;

}

/*********************************************************************

*

2 Publ i ¢ code

*

R Rk S kS O O S R O O S S O O I

*/

/*********************************************************************

Mai nTask

E I I I

USB handl i ng task.
* Modi fy to inplenment the desired protocol

*/

#i fdef __cplusplus

extern "C' { /* Make sure we have C-declarations in C++ prograns */
#endi f

voi d Mai nTask(void);

#i fdef __cpl uspl us

}

#endi f

voi d Mai nTask(void) {
USB_CDC_HANDLE hl nst CDC;

USBD I nit();

USBD_Enabl el AD() ;

USBD_Set Devi cel nf o( & Devi cel nfo);

hl nst CDC = _AddCDC() ;

_AddMBIX ) ;

USBD Start();

OS_CREATETASK( & MSDTCB, "MsDTask", _MsDTask, 200, _aMsDSt ack);

while (1) {
char ac[64];
int NunBytesReceived;

Il
/1 Wait for configuration
Il
while ((USBD GetState() & (USB_STAT_CONFI GURED | USB_STAT_SUSPENDED)) !
= USB_STAT_CONFI GURED) {
BSP_Toggl eLED 0) ;
USB_GS _Del ay(50);
}
BSP_Set LED( 0) ;
NunByt esRecei ved = USBD _CDC _Recei ve(hl nst CDC, &ac[ 0], sizeof(ac), 0);
i f (NunBytesReceived > 0) {
USBD _CDC Wite(hlnstCDC, &ac[O0], NunBytesReceived, 0);
}
}
}

/**************************** end Of flle ***************************/
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24.4 emUSB-Device component specific modification

There are different steps for each emUSB-Device component. The next section shows what
needs to be done on both sides: device and host-side.

24.4.1 CDC component

24.4.1.1 Device side

In order to combine the CDC component with other components, the function
USBD _Enabl el AD() needs to be called, otherwise the device will not enumerate correctly.
Refer to section How to combine on page 390 and check the listing of the sample application.

24.4.1.2 Host side

Due to a limitation of the internal CDC serial driver of Windows, a composite device with
CDC component and another device component(s) is only properly recognized by Windows
XP SP3 and above. Linux kernel supports IAD with version 2.6.22. For Windows before
Windows 10 the .inf file needs to be modified. The provided . i nf file:

; Device installation file for
; USB 2 COM port emul ation

[ Ver si on]

Si gnat ur e="$W ndows NT$"

Cl ass=Ports

Cl assGui d={ 4D36E978- E325- 11CE- BFC1- 08002BE10318}
Pr ovi der =9%vFGNAMVE%

Layout Fi | e=l ayout . i nf

Dri ver Ver =03/ 26/ 2007, 6. 0. 2600. 1

Cat al ogFi | e=usbser. cat

[ Manuf act ur er]
%VFGNAVEYs=CDCDevi ce, NT, NTand64

[ DestinationDirs]
Defaul tDestDir = 12

[ CDCDevi ce. NT]
YDESCRI PTI ON%&Dri verlnstal | , USB\ VI D 8765&PI D 1111&M _xx

[ CDCDevi ce. NTand64]
YDESCRI PTI ON%&Dr i ver I nstal |, USB\ VI D_8765&PI D _0234&M _ xx
YDESCRI PTI ON%&Dr i verlnstal | , USB\ VI D 8765&PI D 1111&M _xx

[Driverlnstall.NT]

I ncl ude=ndntpgqg. i nf

CopyFi | es=FakeModdenCopyFi | eSecti on
AddReg=Dri verl nstal |.NT. AddReg

[Driverlnstall.NT. AddReg]

HKR, , DevLoader, , *nt kern

HKR, , NTMPDr i ver, , usbser. sys

HKR, , EnunPr opPages32, , "MsPorts. dl |, Seri al Port PropPagePr ovi der ™"

[Driverlnstall.NT. Servi ces]
AddSer vi ce=usbser, 0x00000002, Dri ver Servi cel nst

[DriverServicel nst]

Di spl ayName=%SERVI CE%
Servi ceType=1

Start Type=3
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Error Control =1
Servi ceBi nary=%2% ushser. sys

[ Strings]

MFGNAME = " Manuf acturer”

DESCRI PTI ON = "USB CDC serial port enul ation"
SERVI CE = "USB CDC serial port enulation”

red - required modifications

Please add the red colored text to your . i nf file and change xx with the interface number
of the CDC component.

The interface number is a zero based index and is assigned by the emUSB-Device stack
when calling USBD_CDC _Add() function.
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245 Issues on Windows 7

When connecting a Multi-interface device to Windows 7, sometimes a wrong driver is
installed causing the device not to work.

The device needs to be handled as a composite device whereas Windows/Third party USB
host software installs the driver of the first interface only.

This problem can be fixed manually using SEGGER’s USB Composite Device Driver Fixer
tool: https://www.segger.com/downloads/free-utilities/CompositeDeviceFixer.

24.5.1 Detailed description

The cause why the driver was wrongly selected is that some USB 3.0 controller drivers
which also include their own USB 3.0 stack since the native USB host stack of Windows
7 cannot handle USB 3.0 devices (Microsoft introduced a native USB 3.0 stack only on
Windows 8 and higher).

Normally the third-party USB 3.0 stacks handle the enumeration and data transfers
correctly. Unless it comes to the MS OS descriptor handling. Almost all third-party stacks
handle them incorrectly. Especially when it comes to devices which have multiple interfaces
such as RNDIS+MSD or MTP+Bulk or RNDIS+WinuSB etc. or RNDIS+CDC. Even when IAD
is used it is wrongly passed. In hormal cases Windows would initially report that a composite
device is detected. Afterwards the single interfaces are enumerated and the driver for each
interface will be loaded. When MS OS Descriptors are used the information is passed to
the dedicated interfaces. Those third-party USB 3.0 stack are NOT doing this. They pass
this information to the device instead of the interface, which is wrong. Microsoft says in
the MS OS Descriptor 2.0 Specification that the MS OS Descriptor information needs to be
passed to the interfaces: [Microsoft OS 2.0 Descriptors Specification /April 2017 - Chapter
Overview] “Scoping of MS OS descriptors With MS OS version 1.0 descriptors, Windows
USB driver stack does not query for any MS OS descriptors if the device is a composite
device, instead defers such queries to the USB Generic Parent Driver (Usbccgp.sys). The
effect is that all MS OS descriptors are applied to specific composite functions, and none
can be applied to the entire device itself.”

Neither do those third-party USB host stacks implement a proper handling of the MS OS
Desriptors nor do they pass the information properly to other drivers/stacks.
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Chapter 25

Target OS Interface

This chapter describes the functions of the operating system abstraction layer.
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25.1 General information

emUSB-Device includes an OS abstraction layer which should make it possible to use an
arbitrary operating system together with emUSB-Device. To adapt emUSB-Device to a new
OS one only has to map the functions listed below in section Interface function list to the
native OS functions.

SEGGER took great care when designing this abstraction layer, to make it easy to
understand and to adapt to different operating systems.

25.1.1 Operating system support supplied with this release

emUSB-Device packages contain an abstraction layer for embOS (USB_OS enbOSv5. c¢). A
kernel abstraction layer for using emUSB-Device without any RTOS (superloop) is also
supplied (USB_CS_None. c).

Abstraction layers for the following operating systems are readily available:

FreeRTOS
HC/OS-11
HC/OS-III
CMSIS-RTX
Keil-RTX
ThreadX
chibiOS
CMX RTOS

Abstraction layers for other operating systems can be written upon request.
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25.2 Interface function list

Name ‘ Description

API functions

emUSB-Device User Guide & Reference Manual

USB_0OS_Del ni t ()

Frees all resources used by the OS layer.

USB_0S_Del ay()

Delays for a given number of ms.

USB_0S_DecRI ()

Leave a critical region for the USB stack:
Decrements interrupt disable count and
enable interrupts if counter reaches 0.

USB_0S_Get Ti ckCnt ()

Returns the current system time in
milliseconds or system ticks.

USB_OS_I ncDi ()

Enter a critical region for the USB stack:
Increments interrupt disable count and
disables interrupts.

USB_0S_I ni t ()

This function initializes all OS objects that
are necessary.

USB_OS Pani c()

Is called if the stack encounters a fatal
error.

USB_GOS_Si gnal ()

Wakes the task waiting for signal.

USB_OS_Wi t ()

Blocks the task until USB_OS_Si gnal () is
called for a given transaction.

USB_0S_\ai t Ti med()

Blocks the task until USB_OS Si gnal () is
called for a given transaction or a timeout
occurs.

USB_OS Mut exAl | oc()

Allocates a new mutex to be
used by USB_OS Mut exLock() /
USB_OS Mut exUnl ock() calls.

USB_OS Mut exFree()

Releases all mutexes allocated by
USB_OS_Mut exAl | oc() .

USB_OS_Mut exLock()

This function locks a mutex object that
was allocated by USB_0OS_Mut exAl | oc() .

USB_OS_Mut exUnl ock()

This function unlocks a mutex object that
was allocated by USB_OS_Mut exAl | oc() .
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25.2.1 USB_OS_Delnit()

Description

Frees all resources used by the OS layer.

Prototype

voi d USB_OS Del nit(void);
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25.2.2 USB_OS_Delay()

Description

Delays for a given number of ms.

Prototype

voi d USB_OS Del ay(int ns);

Parameters

Parameter Description

ns Number of ns.
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25.2.3 USB_OS_DecRI()

Description

Leave a critical region for the USB stack: Decrements interrupt disable count and enable
interrupts if counter reaches 0.

Prototype

voi d USB_OS DecRI (void);

Additional information

The USB stack will perform nested calls to USB_OS IncDI () and USB_OS DecRI (). This
function may be called from a task context or from within an interrupt. If called from an
interrupt, it need not do anything.

An alternate implementation would be to

e enable the USB interrupts,
e unlock the mutex or semaphore locked in USB_GOS | ncDl ()

if the disable count reaches 0.

This may be more efficient, because interrupts of other peripherals can be serviced while
inside a critical section of the USB stack.

emUSB-Device User Guide & Reference Manual © 2010-2026 SEGGER Microcontroller GmbH



725 CHAPTER 25 Interface function list

25.2.4 USB_0OS GetTickCnt()

Description

Returns the current system time in milliseconds or system ticks.

Prototype

U32 USB_OS_Get Ti ckCnt (voi d);

Return value

Current system time.
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2525 USB_OS IncDI()

Description
Enter a critical region for the USB stack: Increments interrupt disable count and disables
interrupts.

Prototype

void USB_OS_I ncDI (voi d);

Additional information

The USB stack will perform nested calls to USB_OS IncDI () and USB_OS DecRI (). This
function may be called from a task context or from within an interrupt. If called from an
interrupt, it need not do anything.

An alternate implementation would be to

e perform a lock using a mutex or semaphore and
e disable the USB interrupts.

This may be more efficient, because interrupts of other peripherals can be serviced while
inside a critical section of the USB stack.
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25.2.6 USB_OS_Init()

Description
This function initializes all OS objects that are necessary.

Prototype

void USB_OS_Init(void);
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25.2.7 USB_OS_Signal()

Description

Wakes the task waiting for signal.

Prototype

voi d USB_OS_Si gnal (unsi gned EPI ndex,
unsi gned TransactCnt);

Interface function list

Parameters
Parameter Description
EPI ndex Endpoint index. Signaling must be independent for all

endpoints.

Transact Cnt

Transaction counter. Specifies which transaction has been

finished.

Additional information

This routine is typically called from within an interrupt service routine.
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252.8 USB_OS_Wait()

Description
Blocks the task until USB_OS_Si gnal () is called for a given transaction.

Prototype

voi d USB_OS_Wai t (unsi gned EPI ndex,
unsi gned TransactCnt);

Parameters
Parameter Description
EPI ndex Endpo!nt index. Signaling must be independent for all
endpoints.
Transact Cnt Transaction counter. Specifies the transaction to wait for.

Additional information

The function must ignore signaling transactions other than given in Transact Cnt . If this
transaction was signaled before this function was called, it must return immediately.

This routine is called from a task.
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25.2.9 USB_0OS WaitTimed()

Description

Blocks the task until USB_CS_Si gnal () is called for a given transaction or a timeout occurs.

Prototype

int USB_OS Wit Ti med(unsi gned EPI ndex,
unsi gned ns,
unsi gned TransactCnt);

Parameters
Parameter Description
EPI ndex Endpo!nt index. Signaling must be independent for all
endpoints.
ns Timeout time given in ns.
Tr ansact Cnt Transaction counter. Specifies the transaction to wait for.
Return value
0 Task was signaled within the given timeout.
1 Timeout occurred.

Additional information

The function must ignore signaling transactions other than given in Transact Cnt . If this
transaction was signaled before this function was called, it must return immediately.

USB_OS Wit Ti ned() is called from a task. This function is used by all available timed
routines.

Alternatively this function may take the given timeout in units of system ticks of the
underlying operating system instead of milliseconds. In this case all API functions that
support a timeout parameter should also use system ticks for the timeout.
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25.2.10 USB_OS_MutexAlloc()

Description
Allocates a new mutex to be used by USB_OS Mut exLock() / USB_OS Mut exUnl ock() calls.

Prototype

int USB_OS_MutexAl |l oc(void);

Return value

=20 Valid index to be used for USB_0OS Mut exLock() / USB_OS_Mut exUnl ock() .
<0 Error: No mutex available.
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25.2.11 USB_OS_ MutexFree()

Description
Releases all mutexes allocated by USB_OS _Mut exAl | oc()

Prototype

voi d USB_OS_Mut exFree(voi d);
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25.2.12 USB_OS MutexLock()

Description

Interface function list

This function locks a mutex object that was allocated by USB_0S Mut exAl | oc() .

Prototype
voi d USB_OS_Mut exLock(int 1dx);
Parameters
Parameter Description
| dx Index of the mutex to be locked (from
USB_0OS Mut exAl | oc() ).
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25.2.13 USB_OS_ MutexUnlock()

Description

Interface function list

This function unlocks a mutex object that was allocated by USB_0OS_Mit exAl | oc() .

Prototype
voi d USB_OS_Mut exUnl ock(int Idx);
Parameters
Parameter Description
| dx Index of the mutex to be unlocked (from
USB_0OS Mut exAl | oc() ).
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Chapter 26
Target USB Driver

This chapter describes how to configure a USB driver for emUSB-Device in detail.
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26.1 General information

Purpose of the USB hardware interface

emUSB-Device does not contain any hardware dependencies. These are encapsulated
through a hardware abstraction layer, which consists of the interface functions described
in this chapter. All of these functions for a particular USB controller are typically located
in a single file, the USB driver. Drivers for hardware which have already been tested with
emUSB-Device are available.

Range of supported USB hardware

The interface has been designed in such a way that it should be possible to use the most
common USB device controllers. This includes USB 1.1, USB 2.0 and USB 3.0 controllers.

26.1.1 Available USB drivers

An always up to date list can be found at:

https://www.segger.com/emusb-drivers.html
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26.2 Adding a driver to emUSB-Device

USBD I ni t () initializes the internals of the USB stack and is always the first function which
the USB application has to call. USBD_I ni t () will then call USBD_X_ Confi g() . This function
should be used to perform the following tasks:

Perform device specific hardware initialization if necessary.
Add a USB driver to your project.

e Enable SuperSpeed by calling the function USBD Enabl eSuper Speed() if possible and
desired.

e Assign a memory area to be used for endpoint buffers if required by the driver, see
USBD_Assi gnMenory().
Optionally install a HWAttach function.
Install interrupt management functions.

You have to specify the USB device driver which should be used with emUSB-Device. For
this, USBD AddDri ver () should be called in USBD X Config() with the identifier of the
driver which is compatible to your hardware as parameter. Refer to the header file USB. h
for a list of all supported devices and their valid identifiers.

The HWAttach() function should be used to perform hardware-specific actions which are
not part of the USB controller logic (for example, enabling the peripheral clock for USB port).
This function is called from every device driver, but may not be present if your hardware
does not need to perform such actions. A _HWAtt ach() function may be registered to the
stack by calling USBD_Set Att achFunc() within USBD X Confi g().

Additionally a function to enable the USB interrupt must be installed using the function
USBD_Set | SREnabl eFunc() .

Modify USBD_X Config(), _Enabl el SR() and if required, HWAttach().

26.2.1 USBD_X Config()

Description
Configure the USB stack.

Prototype
void USBD_X_Confi g(voi d)

Additional information

This function is always called from USBD | nit ().

Example

/* Exanpl e excerpt from USB _Config SAM/A3.c */
#define PI D_USB (27) /1 USB ldentifier
#define _AT91C Pl QA_BASE ( OxFFFFF400)

#define _AT91C Pl OB_BASE (OxFFFFF600)

#define _AT91C PMC_BASE ( OxFFFFFC0O0)

#define _Pl O PER _OFFS (0x00)

#define _Pl O OCER_OFFS (0x10)

#define _Pl O CODR _OFFS (0x34) /* Clear output data register */
#define _PMC (*(volatile unsigned int*) _AT91C PMC_BASE)
#define _USB_|I D (_PIoB_I D)

#define _USB_CER

(*(volatile unsigned int*) (_AT91C Pl OB BASE + _PI O CER_OFFS))
#define _USB_CODR

(*(volatile unsigned int*) (_AT91C Pl OB _BASE + _PI O CODR_OFFS))
#define _USB DP_PUP_BIT (1)

static void _HWAttach(void) {
_PMC (1 << _USB_ID); /* Enabl e peripheral clock for USB-Port */
_USB_CER (1 << _USB_DP_PUP_BIT); /* set USB_DP_PUP to output */
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_USB_OODR = (1 << _USB_DP PUP BIT); /* set _USB DP_ PUP BIT to |ow state */
}

static void _Enabl el SR(USB_| SR HANDLER * pfl SRHandl er) {
*(U32*) (OXxFFFFFO80 + 4 * PI D_USB) (U32) pfI SRHandl er; // Set interrupt vector
*(U32*) (OxFFFFF128) (1 << PID_USB);
/1 Cear pending interrupt
*(U32*) (OXFFFFF120)

}

voi d USBD X Config(void) {
USBD_AddDri ver (&USB_Dri ver _At mel SAM/A3) ;
USBD_Set Att achFunc(_HWAt t ach) ;
USBD_Set | SREnabl eFunc(_Enabl el SR) ;

}

(1 << PID_USB); /'l Enabl e Interrupt
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26.2.2 USBD_X Disablelnterrupt()

Description
This function is called by the stack in cases where the stack must perform a critical operation
which can not be interrupted by a new incoming USB interrupt event.

Prototype

voi d USBD_X Di sabl el nterrupt(void);

Additional information

This function is MCU/USB controller specific. Normally it is defined in the hardware specific
USB_Config_*.c file.

This function is only called by the stack if the define USBD OS_USE_USBD X_| NTERRUPT is
set to 1 in USB_Conf . h. If this is not the case interrupts are disabled/enabled globally.

Example

[ * Exanpl e excerpt from USB Confi g SEGGER enPower.c */
voi d USBD X Di sabl el nterrupt(void) {

NVI C_Di sabl el RQUUSBHS_I RQ) ;
}

[ * Exanpl e excerpt from USB Config Renesas RSKRX71M c */
voi d USBD X Di sabl el nterrupt(void) {

USBO_I ER USBO &= ~(1luL << USBO_I| ER USBO_BIT);

USBO_I| ER USBRO &= ~(1luL << USBO_I ER USBRO_BIT);

}
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26.2.3 USBD_X Enablelnterrupt()

Description

This function is called by the stack to enable USB interrupt(s) after they have been disabled
by USBD X Di sabl el nterrupt().

Prototype

voi d USBD_X_Enabl el nt errupt (voi d);

Additional information

This function is MCU/USB controller specific. Normally it is defined in the hardware specific
USB_Config_*.c file.

This function is only called by the stack if the define USBD OS_USE_USBD X_| NTERRUPT is
set to 1 in USB_Conf . h. If this is not the case interrupts are disabled/enabled globally.

Example

[ * Exanpl e excerpt from USB Confi g SEGGER enPower.c */
voi d USBD X Enabl el nterrupt (void) {
NVI C_Enabl el RQ(USBHS_I RQ) ;

}

[ * Exanpl e excerpt from USB Config Renesas RSKRX71M c */
voi d USBD X Enabl el nterrupt (void) {

USBO_I| ER_USBO | = (1uL << USBO_I ER _USBO_BIT);

USBO_I ER USBRO |= (1luL << USBO_I ER USBRO_BIT);

}
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26.3 Device driver specifics

For emUSB-Device different USB controller drivers are provided. Normally, the drivers are
ready and do not need to be configured at all. Some drivers may need to be configured in
a special manner, due to some limitation of the controller.

This section lists the drivers which require special configuration and describes how to
configure those drivers.

Restrictions caused by the USB controller hardware are also listed in this section.
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26.3.1 LPC54/55xxx full-speed driver

This driver is used for the MCUs:

LPC54608
LPC540xx/54S0xx
LPC55xxx
LPC51U68

Configuration

This driver needs a memory area to store the endpoint table and endpoint transfer buffers.
By default the dedicated USB RAM attached to the high-speed controller is used. A different
memory area can be assigned to the driver by calling the function USBD_Assi gnMenory()
in USBD_X_Confi g() . This is required by some devices where the USB RAM is on a different
memory address or if the full-speed and high-speed controllers are used simultaneously.

Minimum required memory: 256 bytes + 'maximum packet size’ for each used non-control
endpoint.

The memory area must be aligned to a 256-byte boundary.

26.3.2 LPC54/55xxx high-speed driver

This driver is used for the MCUs:

LPC54608
LPC540xx/5450xx
LPC55xxx
iMXRT5xx

Restrictions

In some versions of the LPC54xxx MCUs, the high-speed device controller contains a serious
bug: Under some circumstances the first byte of a data packet transferred to the host is
changed to 0x00 (See LPC546xx errata sheet, Rev. 2.1, 23 October 2018, USB.15). Although
the workaround suggested by NXP is implemented in the driver, data packets may still get
corrupted if IN and OUT endpoints are active at the same time. This can’t be avoided in
many applications. This problem is known for the LPC54608 and some early samples of
the LPC54018/LPC54S018. We recommend not to use the high-speed device controller on
devices with this issue. When in doubt, check with NXP for a specific device.

The high-speed device controller is not able to send ISO packets of size 1024 to the host.
Only packet sizes up to 1023 bytes will work.
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26.3.3 EHCI driver

This driver is used for the MCUs:

LPC18xx

LPC43xx

Kinets (HS controller)

iMX RT105x/RT106x/RT118x
Zynq70xx

Configuration

This driver needs a memory area to store the DMA descriptors and endpoint transfer buffers.
The memory must be provided by the application and must be passed to the USB stack
using the function USBD_Assi gnMenory() .

Example

USBD_AddDri ver (&USB_Dri ver _NXP_LPC4A3xx_DynMemn ;
USBD_Assi gnMenor y(_MenPool , si zeof (_MenPool ));

Minimum required memory (for systems without cached memory):

e 918 to 1536 bytes (depending on the number of endpoints the controller provides)

e For each used non-control OUT (RX) endpoint: 32 bytes + ‘maximum packet size’ of
the endpoint

e For each used non-control IN (TX) endpoint: 64 bytes

Minimum required memory (for systems using cached memory):

e 1046 to 1664 bytes (depending on the number of endpoints the controller provides)
e For each used non-control endpoint (IN or OUT): 96 bytes + 2 * ‘'maximum packet size’
of the endpoint

Warning

The memory area must be valid for DMA access by the USB controller.

The memory area should be aligned to a 2048-byte boundary to avoid wasting of memory.

For some targets there also exists a variant of the driver, that uses a memory
area declared inside the driver code. When selecting this kind of driver (without the
“_DynMent’ suffix in the driver name), USBD_Assi gnMenory() must not be called. Instead
the size of the memory area can be configured by setting the preprocessor symbol
USB_ENDPOI NT_BUFFER_POOL_SI ZE in USB_Conf . h.

Cache support

If the driver is installed on a system using cached (data) memory, cache
functions for cleaning and invalidating cache lines must be provided and set with
USBD_Set CacheConfig().
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26.3.4 Synopsys DWC2 driver (slave mode)

This driver does not use DMA and is applicable for the MCUs:

STM32F105/107
STM32F2xx

STM32F4xx

STM32F7xx

STM32H7xXx
STM32L4x5/4x6/4x7/4x9
STM32U575/585
XMC45xx

EFM32GGxxx

Configuration

This driver needs a memory area for endpoint transfer buffers. By default a memory area
declared inside the driver code is used. The size of this area can be configured by setting
the preprocessor symbol USB_ENDPO NT_BUFFER _POOL_SI ZE in USB_Conf . h.

For the STM32F7xx and STM32H7xx drivers the memory may be provided by the application
instead. In this case the dynamic memory variant of the driver must be added to the USB
stack and the function USBD_Assi gnMenor y() must be called.

Example

USBD_AddDri ver (&USB_Dri ver _ST_STMB2F7xxHS_DynMen) ;
USBD_Assi gnMenor y(_MenPool , si zeof (_MenPool ));

Minimum required memory:

e 64 bytes
e For each used non-control OUT (RX) endpoint: The ‘maximum packet size’ of the
endpoint

Restrictions

High bandwidth ISO transactions are not supported, therefore a maximum of 1024 bytes
can be transferred per micro frame in high-speed.
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26.3.5 Synopsys DWC2 driver (DMA mode)

This driver can be used for the high-speed controllers of the MCUs:

STM32F4xx

STM32F7xx

STM32H7xx
STM32U5A9
DA148xx

Configuration

This driver needs a memory area for endpoint transfer buffers, which must be provided by
the application by calling the function USBD_Assi gnMenory() after USBD_AddDri ver () .

Minimum required memory:

e 128 bytes
e For each used non-control endpoint (IN and OUT each): The ‘'maximum packet size’ of
the endpoint

All sizes must be rounded up to a multiple of 4 bytes or the cache line size, if the system
uses a cache.

Warning

The memory area must be valid for DMA access by the USB controller.

Cache support

If the driver is installed on a system using cached (data) memory, cache
functions for cleaning and invalidating cache lines must be provided and set with
USBD_Set CacheConfi g() .

Some devices only use a data cache for specific memory areas (e.g. the STM32U5A9 for
external memory). On such devices a driver version without cache management can be
used, if the cached area is not used (or not used for USB).

Restrictions

For ISO OUT endpoints the maximum packets size must meet the following requirements:

e The maximum packet size should be a multiple of 4 bytes to avoid performance
drawbacks.

o If the total packet size (number of bytes per micro frame) is > 1024 and < 2048 (high
bandwidth transactions), it MUST be a multiple of 8 bytes.

o If the total packet size (number of bytes per micro frame) is > 2048 and < 3072 (high
bandwidth transactions), it MUST be a multiple of 12 bytes.

Large packet sizes require large FIFO buffers which are usually not available in STM32
devices.
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26.3.6 XHCI driver

Configuration

The function USBD_Enabl eSuper Speed() must be called within USBD X Confi g(), if the
device shall be able to operate at SuperSpeed. If the function is not called, the USB
controller will enumerate in high-speed only.

This driver needs a memory area for endpoint transfer buffers which must be provided by
the application using the USBD Assi gnMenory() function.
Typical required memory (on a system with a data cache line size of 64 bytes):

1152 bytes
For each used non-control OUT (RX) endpoint: The ‘maximum packet size’ of the
endpoint + 512 bytes

e For each used non-control IN (TX) endpoint: 192 bytes

For optimal and reproducible memory allocation behavior the memory area provided to
USBD_Assi gnMenor y() should be cache aligned and should not span a 64KB boundary.

Cache support

Cache functions for cleaning and invalidating cache lines must be provided and set with
USBD_Set CacheConfi g() .
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26.3.7 Renesas RX driver

This driver is used for the MCUs:

RX113

RX231

RX71M (full-speed controller)
RX62N

RX63N

RX64M

RX65N

Synergy series

RA4xx series

Restrictions

Due to a hardware limitation the maximum packet size of isochronous endpoints is limited
to 256 bytes (instead of the normally possible 1023 bytes).
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26.3.8 AT91RM9200 driver

Restrictions

SETUP OUT transfers with more than 8 bytes can cause the controller to lock-up. A setup
OUT transfer consists of a SETUP stage, an optional DATA OUT stage and a STATUS IN
stage. The usage of status IN with preceding data is relatively rare, certain HID commands
can trigger this, e.g. “SetFeature”, in most other protocols setup transfers are rarely done
in the OUT direction with a data stage. Usage of common protocols (MSD, CDC, etc.) should
not be affected. The USB controller in this MCU appears to have a critical bug with status
IN transactions which results in a complete lock-up of the controller until power cycle. The
issue occurs during the status stage of setup transfers consisting of more than one data
packet:

Works:

e SETUP packet
e 7 byte data OUT
e 0 byte status IN

Does not work:

SETUP packet

8 byte data OUT

1 byte data OUT

0 byte status IN <-- During this transaction the IN token can be seen and on the device
side, the ZLP transaction is started, but the controller locks up. After this the controller
will no longer receive any interrupts.
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26.3.9 Giga Device GD32F4xx driver (full-speed controller)
The driver was tested on the GD32F450, GD32F470 and GD32F407.

Restrictions

Stress tests show that on the GD32F407 concurrent data transfers over multiple endpoints
may result in data corruption. Therefore using multiple independent USB classes in a device
is not recommended for the GD32F407.

For ISO transactions the maximum packet size is 512 bytes.

26.3.10 Giga Device GD32F4xx driver (high-speed controller)

The driver was tested on the GD32F450, GD32F470 and GD32F407.

Configuration

The driver needs a memory area for endpoint transfer buffers, which must be provided by
the application by calling the function USBD_Assi gnMenory() after USBD_AddDri ver ().

Minimum required memory:

e 128 bytes
e For each used non-control endpoint (IN and OUT each): The ‘'maximum packet size’ of
the endpoint

All sizes must be rounded up to a multiple of 4 bytes.

Restrictions

On the GD32F407 the USB controller doesn’t work reliable. Sporadic corruption of data
packets may happen.

Stress tests show that on the GD32F450 concurrent data transfers over multiple endpoints
may result in data corruption or may cause an endpoint getting stuck. Therefore using
multiple independent USB classes in a device is not recommended for the GD32F450.

ISO IN transactions only work with interval 125us.

For ISO transactions the maximum packet size is 800 bytes.
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26.3.11 Atmel ATSAMV7x driver

This driver can be used for MCUs:

ATSAMV70
ATSAMV71
ATSAMV72
ATSAME70

Restrictions

Due to a controller limitation USBD Wit e* functions can return before data was actually
sent out. E.g. If the application calls USBD BULK Wi te(hlnst, pBuff, 50, 0) and there is
space in the endpoint’s memory banks the function will immediately return 50 even if the
host is not currently reading on the IN endpoint.

Normally this is not an issue, as the data can still be read normally by the host later on.
But this can lead to confusion or can cause problems if a protocol is used which depends
on knowing whether the host really received the packet.
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26.3.12 PSoC6 driver

Two USB drivers for the PSoC6 are available: One is using DMA for
data transfer (USB _Driver_Cypress_PSoC6_DMA), the other does not use DMA
(USB_Dri ver _Cypress_PSoCs).

The DMA capable driver needs a memory area for endpoint transfer buffers which must be
provided by the application using the USBD_Assi gnMenory() function. The memory area
should be word aligned. The required memory size can be calculated as follows:

e For each used non-control endpoint: The ‘maximum packet size’ of the endpoint,
rounded up to a multiple of 32 bytes + 84 bytes

Additionally the DMA routines and DMA channels must be configured using a call to
USB DRI VER Cypress_PSoC6_Confi gDMA() .
26.3.12.1 Restrictions

Because the USB controller of the PSoC6 is not able to signal a suspend state of the USB
bus via interrupt, the application has to call a driver function every millisecond in order to
get suspend events handled, see USB_DRI VER Cypress_PSoC6 SysTi ck() .

For the non-DMA driver ISO endpoints are limited to a maximum packet size of 192 bytes.
Also the sum of all endpoint’s maximum packet sizes must be less than 512 bytes.

There are no such limits for the DMA driver.
26.3.12.2 PSoC6 driver specific functions

26.3.12.2.1 USB_DRIVER_Cypress_PSoC6_SysTick()

Description

The USB controller of the PSoC6 is not able to automatic detect a suspend issued by the
host. In order to allow the driver to detect the suspend state, this function has to be called
by the application every millisecond.

Calling this functions is also required when using LPM (USB_PSCC6_LPM CONFI G # 0).

If this function is not used, then USB stack works well, only suspend is not handled. This
requires setting USB_PSOC6_LPM CONFI Gto 0.

Prototype

voi d USB_DRI VER_Cypress_PSoC6_SysTi ck(voi d);
26.3.12.2.2 USB_DRIVER_Cypress_PSoC6_Resume()

Description

If the device was set into deep sleep mode while USB was active, some registers of the
USB controller are reset. This function can be called after the device has left deep sleep
mode to restore the state of the USB controller.

Prototype
voi d USB_DRI VER_Cypress_PSoC6_Resune(voi d);

26.3.12.2.3 USB_DRIVER_Cypress_PSoC6_ConfigDMA()

Description

Configure DMA parameters and DMA routines to be used by the USB driver. This function
must be called after USBD_AddDri ver () when the DMA version of the PSoC6 USB driver
was selected.
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Prototype
voi d USB_DRI VER_Cypress_PSoC6_Confi gDMA( const USB_CYPRESS PSoC6_DVA API * pAPI,
const USB_CYPRESS PSoC6_DMA CONFI G * pCFG);
Parameters
Parameter Description
AP Pointer to a set of DMA driver functions to be used by the
P USB driver.
CFG Pointer to a structure that contains the DMA channel and
P priority for each USB endpoint.
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26.3.13 ST full-speed driver

This driver can be used for MCUs:

e STM32H5xx
e STM32U545

This driver needs a memory area used as endpoint transfer buffer which must be provided
by the application using the USBD Assi gnMenor y() function.

The memory area must be word (32-bit) aligned and it’s size must be the maximum packet
size of the largest OUT (RX) endpoint used in the USB configuration. So usually 64 bytes
are sufficient, except if any ISO OUT endpoint is used.

Restrictions

The maximum packet size of an interrupt endpoint must be even. The maximum packet size
of an isochronous endpoint must be a multiple of 32 bytes and must not exceed 992 bytes.
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26.3.14 PSOCES84 driver

Configuration

This driver needs a memory area for endpoint transfer buffers, which must be provided by
the application by calling the function USBD_Assi gnMenor y() after USBD AddDri ver ().

Minimum required memory:

e 128 bytes
e For each used non-control endpoint (IN and OUT each): The ‘maximum packet size’ of
the endpoint

All sizes must be rounded up to a multiple of 4 bytes or the cache line size, if the system
uses a cache.

Warning

The memory area must be valid for DMA access by the USB controller.

Cache support

If the driver is running on the Cortex-M55 CPU, cache functions for cleaning and invalidating
cache lines must be provided and set with USBD_Set CacheConfi g() .

Restrictions

Due to a restricted hardware configuration the size of high bandwidth isochronous OUT
packets is limited to a maximum of 2048 bytes (2 x 1024).

For ISO OUT endpoints the maximum packets size must meet the following requirements:

e The maximum packet size should be a multiple of 4 bytes to avoid performance
drawbacks.

e If the total packet size (number of bytes per micro frame) is > 1024 and < 2048 (high
bandwidth transactions), it MUST be a multiple of 8 bytes.

26.3.14.1 PSOCES84 driver specific functions

26.3.14.1.1 USB_DRIVER_Infineon_PSOCE84_DMA_SetPLLRefClock()

Description

Set the PLL reference clock for the USB PHY. This function must be called in the
USB_X_ Confi g() function.

Prototype
voi d USB_DRI VER_I nfi neon_PSOCE84_DMA Set PLLRef O ock(unsi gned MHz);
Parameters
Parameter Description
Mz Reference clock in MHz. Valid values are 9 (= 9.6 MHz), 10,
12,19 (= 19.2 MHz), 20, 24 or 50.
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26.3.15 Atmel / Microchip high-speed driver

There are two versions of the driver: One using DMA and the other without DMA.

This driver can be used for MCUs:

SAM3U (no DMA)
SAM9X25 (no DMA)
SAM9X75
SAMA5D2x
SAMA5D3x
SAMA5D4x

Restrictions

ISO OUT data packets are not always transferred correctly. For some data patterns the USB
controller hardware will corrupt the last three bytes of such paket.

The USB controller hardware silently discards zero length OUT packets when using
DMA without informing the software. This may be a problems on USB protocols
that require explicit detection of zero length packets. For example the API function
USBD _BULK_ReadRecor d() does not work, if using the driver with DMA.
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27.1 Contacting support

Before contacting support please make sure that you are using the latest version of the
emUSB-Device package. Also please check the chapter Configuring debugging output on
page 46 and run your application with enabled debug support.

If you are a registered emUSB-Device user there are different ways to contact the emUSB-
Device support:

1. You can create a support ticket via email to ticket emusb@segger.com*
2. You can create a support ticket at {segger.com/ticket?}.

Please include the following information in the email or ticket:

The emUSB-Device version.
Your emUSB-Device license number.

e Ifyou are unsure about the above information you can also use the name of the emUSB-
Device zip file (which contains the above information).

e A detailed description of the problem

e The configuration files USB_Conf *. *

e Any error messages.

Please also take a few moments to help us improve our services by providing a short
feedback once your support case has been solved.

27.1.1 Where can | find the license number?

The license number is part of the shipped zip file name.

For example enmJSBD BASE STMB2F2F4F7_V3. 60. 0_USBD-01234_308746BB_230530. zi p
where USBD-01234 is the license number. The license number is also part of every *.c-
and *.h-file header. For example, if you open USB.h you should find the license humber
as with the example below:

R S I S I S S O

* *
* emJSB- Devi ce version: V3.60.0 *
* *

Rk S I S I S S O

Li censi ng information

Li censor: SEGGER M crocontrol |l er GrbH
Li censed to: Cust orer nane

Li censed SEGGER software: enlJSB-Device

Li cense nunber: USBD- 01234

Li cense nodel : SSL

Li censed product: -

Li censed platform Cortex-M GCC

Li censed nunber of seats: 1

Support and Update Agreenent (SUA)

SUA peri od: 2023-05-30 - 2023-11-30
Contact to extend SUA: sal es@egger.com

Purpose : USB stack API

*By sending us an email your (personal) data will automatically be processed. For further information
please refer to our privacy policy which is available at https://www.segger.com/legal/privacy-policy/.
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Chapter 28

Profiling with SystemView

This chapter describes how to configure and enable profiling of emUSB-Device using
SystemView.
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28.1 Profiling overview

emUSB-Device is instrumented to generate profiling information of API functions and driver-
level functions.

These profiling information expose the run-time behavior of emUSB-Device in an
application, recording which API functions have been called, how long the execution took,
and revealing which driver-level functions have been called by API functions or events like
interrupts.

The profiling information is recorded using SystemView.

SystemView is a real-time recording and visualization tool for profiling data. It exposes
the true run-time behavior of a system, going far deeper than the insight provided by
debuggers. This is particularly effective when developing and working with complex systems
comprising an OS with multiple threads and interrupts, and one or more middleware
components.

SystemView can ensure a system performs as designed, can track down inefficiencies, and
show unintended interactions and resource conflicts.

The recording of profiling information with SystemView is minimally intrusive to the system
and can be done on virtually any system. With SEGGER'’s Real Time Technology (RTT) and
a J-Link, SystemView can record data in real-time and analyze the data live, while the
system is running.

The emUSB-Device profiling instrumentation can be easily configured and set up.
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28.2 Additional files for profiling

Additional files are required on target and PC side for full functionality of SystemView.

28.2.1 Additional files on target side

The SystemView module needs to be added to the application to enable profiling. If
not already part of the project, download the sources from https://www.segger.com/
systemview.html and add them to the project.

Also make sure that USB_SYSVI EW ¢ from the / USB/ directory is included in the project.

28.2.2 Additional files on PC side

For fully functional and readable outputs in the SystemView PC application, a description
file for the corresponding middleware is required. This description file extends the values
sent from the target to fully readable text outputs.

While SystemView already comes with the most recent description files at the time the
SystemView release has been built, these files might not be the latest available. The latest
SystemView description files can be found in the emUSB-Device shipment in the folder
/ Shar ed/ Syst enVi ew Descri ption/. You can copy these files over to the Descri ption
folder that comes with the SystemView package.

The version at the end of the SystemView description file does not have to match the exact
version of the middleware it is used with. They are valid from this version onwards until a
description file for a newer version is required.
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28.3 Enable profiling

Profiling can be included or excluded at compile-time and enabled at run-time. When
profiling is excluded, no additional overhead in performance or memory usage is generated.
Even when profiling is enabled the overhead is minimal, due to the efficient implementation
of SystemView.

To include profiling, define USBD_SUPPORT_PRCFI LE as 1 in the emUSB-Device configuration
(USB_Conf . h) or in the project preprocessor defines.

Per default profiling is included when the global define SUPPORT_PROFI LE is set.

#i f defi ned( SUPPORT_PRCFI LE) && ( SUPPORT_PRCFI LE)
#i f ndef USBD_SUPPORT_PROFI LE
#def i ne USBD_SUPPORT_PROFI LE 1
#endi f
#endi f

To enable profiling at run-time, USBD _SYSVI EW I nit() needs to be called. Profiling can
be enabled at any time, it is recommended to do this in the user-provided configuration
USBD_X Config():

/*********************************************************************
*

* USBD_X Confi g

*

*/

voi d USBD_X_Config(void) {

#1 f USBD_SUPPORT_PROFI LE

USBD_SYSVIEW I nit();
#endi f
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28.4 Recording and analyzing profiling information

When profiling is included and enabled emUSB-Device generates profiling events. On a
system which supports RTT (i.e. ARM Cortex-M and Renesas RX) the data can be read and
analyzed with SystemView and a J-Link. Connect the J-Link to the target system using the
default debug interface and start the SystemView host application. If the system does not
support RTT, SystemView can be configured for single-shot or postmortem mode. Please
refer to the SystemView User Manual for more information.
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Debugging

emUSB-Device comes with various debugging options. These includes optional warning and
log outputs, as well as other run-time options which perform checks at run time as well
as options to drop incoming or outgoing packets to test stability of the implementation on
the target system.
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29.1 Message output

The debug builds of emUSB-Device include a fine grained debug system which helps to
analyze the correct implementation of the stack in your application. All modules of the USB
stack can output logging and warning messages via terminal I/0, if the specific message
type identifier is added to the log and/or warn filter mask. This approach provides the
opportunity to get and interpret only the logging and warning messages which are relevant
for the part of the stack that you want to debug.

By default, all of the warning messages and none of the logging messages are activated.
All activated messages are forwarded to the functions USB_X Log() and USB_X Varn().
These functions are located in the source file USB_Confi gl O. ¢ and may be customized or
replaced if necessary.
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29.2 API functions

Function Description

Filter functions

Adds one or more message types to the

USBD_AddLogFi I ter () logging filter.

Adds one or more message types to the

USBD_AddWar nFi l ter () warning filter.

Sets the message type(s) for the logging
filter.

Sets the message type(s) for the warning
filter.

General debug functions/macros

USBD Set LogFilter()

USBD_Set War nFi | ter ()

USB_PANI C Called if the stack encounters a critical

situation.
General helper prototypes
This function is called by the stack in
USB_X_Log() debug builds with log output.
USB_X_Viar n() This function is called by the stack in

debug builds with warning output.

Is called if the stack encounters a fatal

USB_OS_Pani c() error
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29.2.1 USBD_AddLogFilter()

Description

Adds one or more message types to the logging filter.

Prototype

voi d USBD_AddLogFilter (U32 FilterMask);

Parameters

Parameter Description

Specifies which logging messages should be added to the
Fi |l ter Mask filter mask. Refer to Message types on page 774 for a list of
valid values for parameter Fi | t er Mask.

Additional information

USBD_AddLogFi Il ter () can also be used to remove a filter condition which was set before.
It adds the specified filter to the filter mask via a disjunction.

Example

voi d Application (void) {
USBD_AddLogFi | ter (USB_MIYPE_DRI VER); // Activate driver |ogging nmessages
USBD_Init();
/*
* Do sonet hing
*/
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29.2.2 USBD_AddWarnFilter()

Description

Adds one or more message types to the warning filter.

Prototype

voi d USBD_AddWarnFilter(U32 FilterMsk);

Parameters

Parameter Description

Specifies which warning messages should be added to the
Fi |l ter Mask filter mask. Refer to Message types on page 774 for a list of
valid values for parameter Fi | t er Mask.

Additional information

USBD_AddwWar nFi | t er () can also be used to remove a filter condition which was set before.
It adds the specified filter to the filter mask via a disjunction.

Example

voi d Application (void) {
USBD_AddWar nFi | ter (USB_MIYPE_DRI VER); // Activate driver warning nessages
USBD I nit();
/*
* Do sonet hing
*/
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29.2.3 USBD_SetLogFilter()

Description
Sets the message type(s) for the logging filter.

Prototype

voi d USBD Set LogFilter(U32 FilterMask);

Parameters

Parameter Description

Specifies which logging messages should be set to the filter
Fi |l ter Mask mask. Refer to Message types on page 774 for a list of valid
values for parameter Fi | t er Mask.

Additional information

This function can be called before USBD | nit (). By default, none of filter conditions are
set. The sample application contain a simple implementation which can be easily modified.
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29.2.4 USBD_SetWarnFilter()

Description

Sets the message type(s) for the warning filter.

Prototype

voi d USBD_Set WarnFilter(U32 FilterMsk);

Parameters

Parameter Description

Specifies which warning messages should be set to the filter
Fi |l ter Mask mask. Refer to Message types on page 774 for a list of valid
values for parameter Fi | t er Mask.

Additional information

This function can be called before USBD | nit (). By default, none of filter conditions are
set. The sample application contain a simple implementation which can be easily modified.
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29.2.5 USB_PANIC

Description

This macro is called by the stack code when it detects a situation that should not be
occurring and the stack can not continue. The intention for the USB_PANI C() macro is
to invoke whatever debugger may be in use by the programmer. In this way, it acts like
an embedded breakpoint. This macro is mostly used in cases where emUSB-Device was
configured improperly.

Prototype
USB_PANI C (const char * sError);

Additional information

This macro maps to a function in debug builds only. If USB_DEBUG > 0, the macro maps to
the stack internal function USB_GS _Pani c() . It disables all interrupts to avoid further task
switches, outputs sError via terminal I/O and loops forever. When using an emulator, you
should set a breakpoint at the beginning of this routine or simply stop the program after a
failure. The error message is passed to the function as parameter. In a release build, this
macro is defined empty, so that no additional code will be included by the linker.
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29.2.6 USB_X Log()

Description

This function is called by the stack in debug builds with log output. In a release build, this
function is not be linked in.

Prototype
voi d USB_X Log(const char * s);
Parameters
Parameter Description
S Pointer to a string holding the log message.
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29.2.7 USB_X_Warn()

Description

This function is called by the stack in debug builds with warning output. In a release build,
this function is not be linked in.

Prototype
voi d USB_X Warn(const char * s);
Parameters
Parameter Description
S Pointer to a string holding the warning message.
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29.2.8 USB_0OS Panic()

Description

Is called if the stack encounters a fatal error.

Prototype
voi d USB_OS_Pani c(const char * pErrMsQ);
Parameters
Parameter Description
PErr Msg Pointer to a string holding the error message.

Additional information

In a release build this function is not linked in. The default implementation of this function
disables all interrupts to avoid further task switches, outputs the error string via terminal I/
O and loops forever. When using an emulator, you should set a break-point at the beginning
of this routine or simply stop the program after a failure.
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29.3 Message types

Description

The same message types are used for log and warning messages. Separate filters can
be used for both log and warnings. For details, refer to USBD SetlLogFilter() and
USBD_Set WarnFil ter () as wells as USBD _AddLogFi Il ter () and USBD AddwWarnFil ter () for
more information about using the message types.

Definition

#define USB_MIYPE_INIT (1UL << 0)
#define USB_MTYPE_CORE (1UL << 1)
#def i ne USB_MTIYPE_CONFI G (1UL << 2)
#define USB_MTIYPE_DRI VER (1UL << 3)
#def i ne USB_MTYPE_ENUMERATI ON (1UL << 4)
#define USB_MIYPE_CDC (1UL << 7)
#define USB_MIYPE_HI D (1UL << 8)
#def i ne USB_MTYPE_MSD (1UL << 9)
#def i ne USB_MTYPE_MSD_CDROM (1UL << 10)
#define USB_MIYPE_MSD_PHY (1UL << 11)
#define USB_MIYPE_MTP (1UL << 12)
#def i ne USB_MTYPE_PRI NTER (1UL << 13)
#define USB_MIYPE_RNDI S (1UL << 14)
#def i ne USB_MTYPE_VI RTUAL_NMSD (1UL << 16)
#def i ne USB_MIYPE_UVC (1UL << 17)
#def i ne USB_MTIYPE_ECM (1UL << 18)
#def i ne USB_MIYPE_AUDI O (1UL << 19)
#defi ne USB_MTIYPE_NCM (1UL << 20)
#define USB_MIYPE_M DI (1UL << 21)
#define USB_MTYPE_I NFO (1UL << 31)
Symbols

Definition Description

Activates output of messages from the initialization of the

USB_MIYPE_INIT stack that should be logged.

Activates output of messages from the core of the stack that

USB_MTYPE_CORE should be logged.

Activates output of messages from the configuration of the

USB MIYPE_CONFI G
- — stack.

Activates output of messages from the driver that should be
logged.

Activates output of messages from enumeration that should
USB_MTIYPE_ENUMERATI ON | be logged. Note: Since enumeration is handled in an ISR,
use this with care as the timing will be changed greatly.

USB_MTYPE_DRI VER

Activates output of messages from CDC module that should

USB_MIYPE_CDC be logged when a CDC connection is used.

Activates output of messages from HID module that should

USB_MIYPE_HI D be logged when a HID connection is used.

Activates output of messages from MSD module that should

USB_MIYPE_MSD be logged when a MSD connection is used.

Activates output of messages from MSD CDROM module that

USB_MTYPE_MSD_CDROM | ' l1d be logged.

Activates output of messages from MSD Physical layer that

USB_MI'YPE_MSD_PHY should be logged.

Activates output of messages from MTP module that should

USB_MIYPE_MIP be logged when a MTP connection is used.
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Definition Description

Activates output of messages from Printer module that
should be logged when Printer connection is used.

Activates output of messages from RNDIS module that
should be logged when a RNIDS connection is used.

USB_MTYPE_PRI NTER

USB_MTYPE_RNDI S

Activates output of messages from VirtualMSD module that

USB_MTYPE_VI RTUAL_MSD should be logged when a VirtualMSD connection is used.

Activates output of messages from UVC module that should

USB_MTYPE_LVC be logged when a UVC connection is used.

Activates output of messages from ECM module that should

USB_MTYPE_ECM be logged when a ECM connection is used.

Activates output of messages from Audio module that should

USB_MI'YPE_AUDI O be logged when an audio connection is used.

Activates output of messages from NCM module that should

USB_MTYPE_NCM be logged when a NCM connection is used.

Activates output of messages from MIDI module that should
be logged when a MIDI connection is used.

USB_MIYPE_| NFO Non-maskable info messages

USB_MI'YPE_M DI
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Performance & resource usage

This chapter covers the performance and resource usage of emUSB-Device. It contains
information about the memory requirements in typical systems which can be used to obtain
sufficient estimates for most target systems.
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30.1 Memory footprint

emUSB-Device is designed to fit many kinds of embedded design requirements. Several
features can be excluded from a build to get a minimal system. The code size depends on
the API functions called by the application. The code was compiled for a Cortex-M4 CPU
with the SEGGER compiler and size optimization. Note that the values are only valid for
an average configuration.

The following table shows the approximate RAM and ROM requirement of emUSB-Device

CHAPTER 30

Memory footprint

in bytes:
Component ISO ROM RAM Note

USB core no | 5400 1000

USB core yes | 5600 1000

Bulk no | 2000 200

CDC no | 1200 100

HID no | 1600 200
+ size of file system +

MSD no |4900 500 configurable sector buffer of
minimum 512 bytes (RAM)
+ size of file system +
configurable file data buffer

MTP no |15900 1500 of minimum 512 bytes RAM)
+ configurable object buffer
(typically 4 kBytes RAM)

Printer no | 900 2100

RNDIS no |5700 1600 + size of the IP stack

ECM no |3000 300 + size of the IP stack

NCM no | 3500 2900 + size of the IP stack

IP-Over-USB no | 7800 1700 + size of the IP stack

VirtualMSD no |8300 | 1000 ;y?::%ﬁlf,lm‘”im“m 1700

DFU no | 900 0

AUDIO yes | 3600 200 + static configuration data

MIDI no |1700 0

CCID no | 1100 0

Driver Atmel SAM3U no | 2000 600

Driver Atmel SAM3U yes | 2000 1100

Driver Atmel SAM3X no |1900 500

Driver Atmel SAM3S no | 2100 100

Driver Atmel SAM7S no | 2100 100

Driver Atmel SAM9X25 no | 1900 600

Driver Atmel SAM9X25 yes | 1900 1100

Driver Atmel SAMA5D2x no | 2200 600

Driver Atmel SAMA5D2x yes | 2200 1200

Driver Atmel SAMV7 no |1700 600

Driver EM EFM32GG990 no | 2900 700

Driver EM EFM32GG990 yes | 3400 1800

Driver Freescale KHCI no | 2100 400
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CHAPTER 30 Memory footprint
Component ISO ROM RAM Note
Driver Freescale KinetisEHCI | no |2700 2600
Driver Freescale KinetisEHCI | yes | 2800 3700
Driver Infineon XMC45xx no |2900 700
Driver Infineon XMC45xx yes | 3400 1800
Driver NXP LPC17xx no | 1600 100
Driver NXP LPC18xx no | 2700 4200
Driver NXP LPC18xx yes | 2800 5200
Driver NXP LPC23xx no | 1400 100
Driver NXP LPC43xx no | 2700 4200
Driver NXP LPC43xx yes | 2800 5200
Driver Renesas RZ no |2500 7900
Driver Renesas RZ yes | 2700 7900
Driver Renesas RX no | 2300 700
Driver Renesas RX yes | 2400 700
Driver Renesas SynergyS1 no | 2200 600
Driver Renesas SynergyS1 yes | 2300 600
Driver Renesas SynergyFS no | 2300 700
Driver Renesas SynergyFS yes | 2500 700
Driver Renesas SynergyHS no | 2600 4800
Driver Renesas SynergyHS yes | 2700 4800
Driver ST STM32x32 no | 1600 300
Driver ST STM32x32 yes | 1900 1200
Driver ST STM32F107 no | 2900 400
Driver ST STM32F107 yes | 3400 1500
Driver ST STM32F4xxFS no | 2900 400
Driver ST STM32F4xxFS yes | 3400 1500
Driver ST STM32F4xxHS no |3100 2900
Driver ST STM32F4xxHS yes | 3500 3900
Dvtem THIZFPOES no |3100 200 |+ endpoint buffer RAM
B;'r‘]’;;ﬁj STM32F7xxFS yes | 3600 | 300 + endpoint buffer RAM
Driver ST STM32F7xxHS DMA | nho | 3100 300 + endpoint buffer RAM
Driver ST STM32F7xxHS DMA | yes | 3800 400 + endpoint buffer RAM
Driver ST STM32L4xx no | 3000 600
Driver ST STM32L4xx yes | 3500 1700
Driver ST STR91x no | 1300 0
Driver TI AM335x no | 1300 500
Driver TI OMAP L138 no | 1400 500
Driver TI OMAP L138 yes | 1400 500
Driver Xilinx Ultrascale0 no | 3700 200 + endpoint buffer RAM
Driver Xilinx Ultrascale0 yes | 4700 300 + endpoint buffer RAM
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Additionally 64 or 512 bytes of RAM (64 for full-speed and 512 for high-speed devices)
are necessary for each OUT-endpoint as a data buffer. This buffer is assigned within the
application.
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CHAPTER 30

30.2 Performance

The tests were run on a LPC4357 CPU running at 180 MHz using the USB Bulk component
connected to a Linux host.

Performance

The following table shows the transfer speed of emUSB-Device:

Description Speed
USB high-Speed controller (device to host) 44.1 MB/s
USB high-Speed controller (host to device) 41.8 MB/s
USB full-Speed controller 1200 kB/s
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FAQ

This chapter answers some frequently asked questions.
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: When designing my hardware can I just permanently connect the D+ 1.5 kOhm

pull-up resistor to 3.3V to save a MCU pin?

: No, the pull-up being connected tells the USB host that the device is ready to

communicate. Permanently connecting the pull-up is dangerous as the host may start
to communicate with the device prematurely, before it has finished with the start-up.
Furthermore, when using USB high-speed the device must disconnect the pull-up from D
+ according to the USB 2.0 specification. Any currently know USB high-speed controller
(with internal or external USB high-speed PHY) have internal logic to enable an internal
pull-up initially. So for those controller an external pull-up is not necessary.

: When using MSD can I read/write onto the storage medium when the device

is connected to a USB host?

: No, when a MSC device is connected to a USB host the host is the sole master of

the storage medium. It can write or read at any point in time. Should the application
try to access the storage medium at the same time as the host the results are
unpredictable. To resolve this issue the device needs to detach the storage medium
from the host, see USBD MSD Request Di sconnect (), USBD MsSD Di sconnect () and
USBD_MSD Wi t For Di sconnection() .

Can I combine different USB components together?
Yes. See Combining USB components (Multi-Interface) on page 707.

Do I need a real-time operating system (RTOS) to use the emUSB-Device-MSD?

No, if your target application is a pure storage application. You do not need an RTOS if
all you want to do is running emUSB-Device-MSD as the only task on the target device.
If your target application is more than just a storage device and needs to perform
other tasks simultaneously, you need an RTOS which handles the multi-tasking. We
recommend using our embOS Real-time OS, since all example and trial projects are
based on it.

: Do I need extra file system code to use the emUSB-Device-MSD?

No, if you access the target data only from the host. Yes, if you want to access the target
data from within the target itself. There is no extra file system code needed if you only
want to access the data on the target from the host side. The host OS already provides
several file systems. You have to provide file system program code on the target only
if you want to access the data from within the target application itself.
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